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Titerature review.
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INTRODUCTION

Workshop Objectives and Approach

The marshes in and zround Stillwater National Wildlife Refuge (the Refuge) are
extremely dynamic; expanding and contracting in size both seasonally, due to runoff and
subsequent evapotranspiration, and over longer periods, due to climatic variation. The
dynamic nature of these marshes results in a diversity of wetland habitats, which support
a veriety of migratory birds, To maintzin this weiland diversity and control the loss of
migratory bird habitat in the Lehontan Valley, the Refuge was estzblished znd currently
manages a comp]-e.éq of mersh units. However, changes in the hydrelogy, and changes thet
will occur as a result of the Fzllon Paivte-Shoshone and Truckee-Carson-Pyramid Lzke
Water Rights Settlement Act (Public Law 101-618, 104 Stat. 3389), greatly zffect the

" Refuge's wetland menegement capebility. In light of these changes, and the legel

requirements associated with environmental impact assessments, the Refuge convened a
workshop to discuss several aspecis of wetland manzgement in the Lehonian Valley. The
workshop, described in this.report, had three primary objectives:

1. discuss the types znd relzative proportions of primeary wetlend habitzis that
should be provided as described 1n the settlement act;

2. discuss wetlend management models thet might be developed to help
manage these marshes under hydrologic regimes hkely in the future; end
3. discuss future informetion and monitering needs, including proposzls for

valley-wide biociversity surveys, which would be helpful when considering
withdrawn Burezu of Reclemztion (BR) lends for possible incorporztion into
the Refuge.

Severzl presentations et the beginning of the workshop provided a-.common basis for
discussing these objectives. Refuge steff provided background cn the history and past
menagement. The Nature Conservancy discussed their role in the settlement act,
proposals for valley-wide biodiversity surveys, and results of a literature review for
Stillwzter Marsh and the Lehonian Velley (Nechlinger 1993). Kay Fowler provided an
historical context of chenges in vegetztion and weierbird use of the marshes based on her
ethnography of the local Pziute Indians (Fowler 1993). Finally, Bob Elston discussed a

model that predicts archzeological sites based on environmental varizbles (Raven znd
Elston 1989).
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The workshop was orgznized by staff from the Refuge and facilitated by the
suthors of this report. Participants included Ron Anglin, Bill Henry, Anne Janik, Cliff
Creger, Fred Paveglio, and Mary Jo Elpers of the U.S. Fish and Wildhfe Service (the
Service); Jeff Baumgartner, Jan Nazchlinger, Hope Humphries, and Graham Chisholm of
The Nezture Conservancy; David Yardas of the Environmental Defense Fund; David

Robertson of Robertson Softwere, Inc.; Norm Szazke, Terry Retterer, and Larry Neel of

the Nevada Department of Wildlife; Lew Oring and Kay Fowler of the University of
Neveda; and Robert Elston of Intermounizin Research.

Beckground

The mershes in the Lezhontan Velley of Nevada zre terminzl weilands at the end
of the Czrson River (Figure 1). Much of the following background information on these
wetlands has been summarized from Anglin and Shellhorn (1992). The mershes expand
in size in ihe spring because of runoif from the zdjzcent mountains and contract through
the summer due to evaporztion and transpiration, often leaving alkaline flets. They also
expand end contract as a result of longer-term climetic conditions. For example, the
marshes extended over approximately 215,000 zcres during the 1934-85 flood but ere
slmost completely dry currently due to ¢rought conditions since then. It is this dynamic
nature of the water regime, both wiithin end among yeers, that mainteins these marshes.
When they are wet, these marshes are among the most productive weilends in the world.
This productivity and the diversity of wetlend hebitets support 2 \-'zrliety of migreatory
birds, including ducks, geese, pelicens, mersh birds, end shorebirds, as well as indigenous
mammals, reptiles, and emphibians. As ithe marshes dry out, concentrations of salts and
irace elements may increase to toxic levels, killing fish and other species unable to
migrate. When the wetlands ere dry, sediments zre consolidzted end eerated, salts

encrusied on the surface are blown away, and plant succession is set back.

Terminal wetlands of the Great Besin in generel, and marsh units et the Refuge in
particuler, are composed of a series of ponds or menzgement units whose progressive
expansion and contraction explains the diversity of wetland habitats. For explanztory
purposes, consider the four ponds shown in Figure 2. In eerly spring, iTesh water (i.e,
200-400 pmhos/em) ffom snow melt initially fills pond A. As the runoif continues, the
down-gradient ponds B, C, and D are progressively filled. As water enters each pond,

it dilutes (freshens) any residuvzl water from the previous year. However, mixing
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with residual water znd contact with salt encrusted alkaline soils of dry ponds means that
water quality is degraded and runoff to the next pond is more saline. By the end of
spring runoff, water in the lower ponds may have a specific conductance of 6,000 -
10,000 umhos/em. During the summer, evaporation concentrates the salts and the ponds
begin to contract. Pond D will dry out first with speaific conductance reeching levels of

100,000 pumhos/cm before becoming a salt-encrusted playa. As a result of the drying and

high salinities, little, if eny, vegetation 1s found in these lower ponds. However, these
ponds are extremely productive in terms of invertebrate populations during the summer
when they have weater. Pond C will dry -out next, but may meaintain moist soil conditions
into the winter. Specific conductance may be as high as 30,000 pumhos/cm. Szit-tolerant
plants such as saltgrass, alkzli bulrush, znd widgeongrass will be found in this pond.
Pond B will often still have shellow water at the end of the summer with specific

conductence ranging from 1,000 - 10,000 umhos/cm. Selt-tolerant species such as zlkali
bulrush znd chera may be found neerer the outflow znd less salt-tolerznt species such as
cattzil znd hardstem bulrush neer the inflow. Except in years of exireme drought, Pord
A will be maintained as a permanent mersh with rezsonzbly good water quality. Typical
vegetztion includes ceitail, hardstem bulrush, and szgo pondweed. Thus, ponds in the
marsh progress from relatively permenent with fresh weater zt the vpper end to more
ephemerzl and sezline zt the lower end. Historicelly, spring flows eniered the mars
through the Stillweter Slough end flowed clockwise through the various mearsh units
(Figure 3). Thus, the units associzted with the Canvasbeck Gun Club were typically the
most permanent and freshest, while Goose Lake was the most ephemerzl and szline (units
south of Division Road were not created until after the Refuge was estzblished).

The nztural hydrologic regime of marshes in the valley was zltered in 1915 when
Lahontan Reservoir wes constructed. Waters below the dem were rovted through a
network of channels instead of flowing through nzaturel channels. For example, much of
the water now entered through the Diagonal Drain and flowed counterclockwise through
the marshes. While drain water from irrigeted Jands in the Newlands Project still reached
the marshes, flows were more constant over a longer period in the summer, corresponding
to the irrigation season, rather then arriving as a Jarge volume of flow in the spring. In
addition, zpproximetely helf of the Truckée River flow, on averzge, was diveried 1o
Lzhonten Reservoir for irrgation use in the summer znd power generation in the winter.
These changes.altered the composition znd cover of the mersh vegetation. For example
Dave Mershall, the first refuge biologist, estimated that between 1900 znd 1952, the
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screzce of hardstem bulrush was cut in helf while the zcreage of cattails almost tripled

(U.S. Fish and Wildlife Service 1952).

In 1948, in an effort to control the loss of migratory bird habitat in the Lahontan
Vzlley, the U.S. Fish and Wildlife Service, the Nevada Fish and Game Commission, and
the Truckee-Carson Irrigation District entered into an zgreement to manege the marshes.
In order to best use availzble water resources, approximately 30 miles of dikes and 70
miles of cznals and ditches were consiructed, and over 200 water control structures were
installed. Most of the wetland management units south of Division Road were crezted
gs a result of this development. With these facilities, the Service was zble to manage
drain flows and maintzin a diversity of wetlands.

The hydrologic regime of mearshes in the valley was further modified in the late
1960s when a Depzriment of Interior Task Force recommended stopping zll diversions
from the Truckee River for winier power generaiion end Hmiting ihe maximum ellocziion
of irrigation water for the Newlands Project to 406,000 ac-ft. Without winter power
generztion, large volumes of good quality water were no longer availeble 1o flush szalts
from the mearsh or support the warm water fishery and muskrat trapping created as a result
of managing waterfowl nesting hebitet. The reduced volume of irrigation drainwater was
no longer zdequate to maintzain the marshes as they had been developed in the late 1940's,
and the wetland hzbitet subsequently decreased.

The Fzllon Pziute-Shoshone znd Truckee-Carson-Pyramid Lzke Water Rights
Settlement Act, passed in 1990, contains a number of provisions related to weiland
resources in the Lzahontzn Valley (Yardas 1992). The zct directs the Secretary of Interior
to sustain zpproximetely 25,000 acres of primery wetlends in the Lehontan Valley in order
to conserve fish and wildlife resources end maintain and restore biologiczl diversity. The
primary wetlands include azpproximately 14,000 acres of marsh et the Refuge, 10,200
zcres zt Cerson Lake, and 800 zcres in the Fzllon Indien Reservation. The Secretery wes

zuthorized to acquire Newlznds Project irngation rights to meet this objective. An

Environmentzl Impact Stziement (EIS) concerning the water rights zcquisition is due in

1993. The acquisition zuthorities were modeled efter zn existing progrem involving the
Nature Conservancy and the U.S. Fish and Wildlife Service. In this program, the Nature
Conservancy acquired marginal farmland within the Newlands Project, took it out of
production, and transferred the associated water rights to the Refuge. In some cases,
taking marginal farmlznds out of production may have an zdded benefit in that the

7
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associated waters no longer contain ithe elevated levels of zrsenic, boron, and other heavy
: metals typically leached out of the soils through irrigation. However, differences in the
" relative contributions of various marginal farmlands to water quality problems in the
Lahontan Valley are not currently well understood. The act also provides for the

expansion of the Refuge, including possible incorporation of withdrawn BR lands. An
EIS on this expansion must be completed by 1997.

The next three sections of this report summarize the discussions associated with
each of the workshop objectives; types and proportionis of primary wetland habitats,
wetland meanagement models that might be developed, and future information and

monitoring needs.” The final section of the report summarizes workshop conclusions and
recommendations.
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REFUGE OBJECTIVES AND WETLAND COMMUNITIES

Refuge Objectives Lou o SJSQJW\’%;

Current Refuge objectives address the following six basic elements:

L]

Production of redheads; white-faced ibis; shore and water birds; and waterfow].

. Mazinfenznce of redheads and canvasbacks; tundra sweans; waterfowl; white-faced
ibis; white pelicans; and shore, marsh, and water birds,

« Mazintenance of bald eagles and peregrine felcons.

Wildlife di\‘ersi‘w.‘

» Public use.

Cultureal resources.

At some refuges, numeric objectives for fish and wildhife use-days or production provide
clear criteria for both planning and operztional menzgement decisions. There was some
discussion at the workshop concerning how rigidly to interpret current Refuge objectives.
In particuler, it wes suggested that current Refuge objectives reflect an ezarlier hydrologic
regime in which the Refuge was recelving more weter and was receiving weater in an
unnaturally uniform temporel pattern beczuse of power generation, large irrigation return
flows, and spills from the irrigztion dehvery system. Thus, current Refuge objectives may
weight species dependent on deep and semi-permenent mersh hebitats more than would
be appropriate with either a nzfurzl (pre-development) hydrologic regime or with the
current hydrologic regime. On the other hand, the zbility to call for deliveries of acquired
water rights at specific times, as well as the internal water delivery system and multiple
mearsh units, provide flexibility in the types of habitzt thzt could be provided.

There was zlso discussion &t the workshop concerning how current or future
Refuge objectives related to the potentially broader biodiversity goels in the seftlement
act. One position was that biodiversity goals could be expressed and tracked through

C
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{zrget veriebrate species. Another posiiion was that large scele surveys of the Lehontan
Valley were needed as a reference to formulate specific biodiversity objectives for the
entire 25,000 acres of primary wetlands (i.e., to determine which wetland habitats and
communities most need protection or enhancement). We did not resolve these issues at
the workshop, either in terms of reformulzting existing Refuge objectives or by 1dentifying
the areas of specific types of hebitat that should be represented in the 25,000 acres of
primary wetlands. Rather, we used current Refuge objectives as a general indication of
the species the Refuge was trying to support and thus of the types of habitat that would
be required in at least a substential part of the 25,000 acres of primary wetlands.

Habitat Types and Conditions

Mazrsh manzgement zt the Refuge consisis lergely of providing particuler
combinztions of vegetztion znd water levels thet constitvte hebitet for various species
groups. Anglin and Shellhorn (1992) summarized the general marsh hebitat types of
Grezt Basin wetlands in terms of water depth and vegetetion and identified representative
species zssociated with these hzbitats. The basic hzbitat types considered zt the workshop
included: uplands, mud/zlkali flats, saltgrass meadow, emergent marsh (shellow and deep),
and submergent marsh. Figure 4 illustrates the water depihs, characteristic vegetation, and
wildlife food resources associzied with these habitzat types. Discussion zt the workshop
modified the species distributions slightly from Anglin end Shellthorn's-original diagram.
Figure 5 shows the hzbitats used by verious bird species for nesting, znd thus those
habitzts contributing to avizn production objectives. Figure 6 summezrizes feeding hzbitat

references (mainienznce objectives) for a number of species. Ezgle habitet consists of
P ] P g

‘perch trees and food. Food in the form of young birds or fish would be provided across

all the hebitet types.

Hydrology and water quelity ezre the dominant factors defermining mersh
vegetztion. However, the reletionship between hydrology and vegetztion in these systems
is complex znd varizble. In workshop discussions of weter quality as it affected plent
distributions, we used szlinity, totel dissolved solids (TDS), and conductivity
interchengezably, though we recognized that the reletionships between these varizbles were
not precise. Plant species have different optima and ranges of tolerance to both water
depth znd salinity. We developed severzl tables 2t the workshop to identify how much

10
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was known about the salinity znd water depth distributions of important plant species at

the Refuge. Table 1 lists conductivity (zs a surrogate for salinity) ranges for submergent
aguatic vegetation which are found primerily in the submergent marsh habitat type. Table
2 lists the conductivity ranges associated with "moist soil" plants that typically occur on
drier sites representing the mud/alkali flats and saltgrass meadow habitat types. However,
these plants require moist soil to germinate and will tolerate shallow inundation.

Table 1. Conductivity distribution of submergent end fl5ating aquatic plant species.

Conductivity range (pmhos/em)

.- 200-2,000 2,000-10,000 10,000-50,000+
“ horned pondweed szgo pondweed widgeongrass
curly pondweed Westem pondweed chera
Lemna |

Table 2. Conductivity distribution of moist soil plant species.

Conductivity range (pmhos/cm)

200-2,000 2,000-10,000 10,000-50,000+
szltgrass saltgress saltgrass
watergrass pickleweed | picklewveed
smertweed ) bassia bassia

kochia swamp timothy

swemp timothy smartweed

Finally, Table 3 summarizes the distribution of emergent plant species with respect
to both water depth znd conductivity. These species would occur primarily in the shallow
and deep emergent marsh hebitat fypes. Although cettail and hardstem bulrush persist
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in the intermediate, 2,000-10,000 pumhos/em conductivity class, they require the fresher
water conditions of the 200-2,000 pmhos/cm class to become established.

Table 3. Distribution of emergent plant species by water depth and conductivity.

Conductivity (pmhos/cm)

Weater depth (feet)

200-2,000 2,000-10,000 10,000-50,000+
0-1 reed cattail alkali bulrush

arrowhead alkali bulrush

spike rush hardstem bulrush

cattail

zlkzli bulrush

hardstem bulrush

rush
sedges
1-2 cettail catizil alkzli bulrush
zlkali bulrush zlkzli bulrush
hzrdstem bulrush hardstem bulrush
2-3 cettail cattail
hardstem bulrush hardstem bulrush

Much of the spatiel and temporel patiern of selinity in these marsh areas is

produced by the progressive concentration of salts from evapotranspiration. Downstream

- units tend to have higher concenirztions because they are receiving flows that have
already been subject to evepotiranspirztion in upstream units. Similarly, concentrations

tend {o increase from spring through the summer as wzter levels and volumes decline

because evapotranspirztion losses are exceeding inflows of water.

Finally intra-unit
variztions in salinity result from imperfect mixing.

® | ;
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Discussion

The focus of the workshop was on evaluating the utility of existing information and
identifying potential new informztion to support the plann‘ing and management decisions
facing Stillwater Refuge, rather than producing a definitive analysis of habitat types and
vegetation patterns. From this perspective, the development and discussion of Figures 4-6
and Tables 1-3 et the workshop provided substentizl insight into how much is known
concerning species-habitzt relations for the Refuge menagement units. In particuler,

« .Hzbitat preferences are reasonebly well defined for a variety of animal species,

including the target species (primarily migratory birds) identified in current
Refuge objectives.

- Wildlife habitat preferences zre expressed in terms of cover types defined in
terms of combinations of weter depths znd vegetation.

. Vegetation differences can be reasonebly well predicted by differences in the
environmental variables of water depth and sahinity, with conductivity znd
totel dissolved solids serving &s surrogeztes of selimty. Complicating fectors
include preexisting vegetztion

n

nd the sequence or timing of hydrologic
conditions.

. Current management and plenning of the mersh systems in the Lzhontan Velley
is most limited by the zbility to forecast the environmental conditions of
water depth and selinity that would be crezted in different units as a result
of weter management decisions, raiher than the ability to relete those
environmenizl conditions o \'ege{a{ion or to relate the resulting habitzt to
animzl species responses.

Other sources of information zbout environmentzl conditions, vegetetion, znd
habitat vtilization of Lzhontan Valley wetlands include ethnographic studies of historicel
use znd knowledge of marsh resources by native Amerncans (Fowler 1993; Raven and

Elston 1989), published surveys of the erea (Billings 1945; Marshall 1249, 1952), and
: Refuge monitoring records. The biological literature on Lzhontan Valley wetlands was
considered limited in scope and spatizl scale (Nachlinger 1993). Refuge monitoring

records ere a rich source of data on trends in marsh vegetation, hydrologic and salinity

16
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conditions, and wildlife utilization within the Refuge. Deficiencies of the monitoring
D records include temporal gaps, inconsistent and wezkly documented sampling protocols,
0 znd their restricted spatial focus of Stillwater Refuge marsh units as opposed to the larger
set of Lzhontan Valley habitats. A strong argument was made at the workshop that more
information on the occurrence and species composition of wetland habitat types in areas

outside the Refuge is needed to support the formulation of habitat objectives for the entire
25,000 zcres of primary wetlands.
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WETLAND MANAGEMENT MODELS

Manzzement of Refuge marshes involves manipulation of inflows, and thus water
depths, to management units in order to create or maintain the wetland communities and
associzated salinity conditions described in the previous section. Given a limit to the water
rights the Refuge will be able to acquire in the future, and the complexity of the current
water delivery end management system, verious wetlend models have been proposed to
help refuge staff maneage the marshes. Workshop participants discussed these models and
decided that a waier management model was necessary to meke best use of available
weter in the future. Discussions during ihe workshop helped refine the specifications for
such a model. This model might eventuelly be linked to a wetland vegetation model or

a geogrephic informetion system (GIS) to predict acreage of different vegetation types

flooded during the yeer.

‘Weater Management Model
In order to better specify the fype of weter manzgement model reguired, workshep
participents discussed the spatizl and temporal resolution of the model, the management
zctions the user should be zble to manipulzate in the model, the output variables the model
should provide to the user, and the input data required. The following sections summerize
participants' preliminery decisions concerning each of these aspects. '

Spatiel resoluticn

Spetizl resolution involves both the overall zrea represented by the model and the
extent to which thet erea is subdivided. Although the Refuge currenly has management
zuthority only for marsh units within it's boundaries, it was recommended that a water
manzgement model represent a larger area encompassing the Refuge, including the
Cznvasbzck Gun Club, the Fzallon Indizn Reservetion, end Carson Lake. This area was
suggested because of Jzanguazge in the settlement act concerning maintenance of 25,000
zcres of primery wetlands and potentiel expansion of the refuge boundaries. The model
should represent individual management units within this erea. For the Refuge and the
Canvasback Gun Club, these are the units speciﬁed in Figure 7. Management units on .
the Indizn Reservation and within Carson Lzke will have to be added to this diagram.
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Temporel resolution

Temporal resolution involves bath the time frame represented by a run of the
model and how often output varizbles should be calculated during that time frame. The
primary purpose of this model would be to help refuge staff develop annual management
plans for the various marsh units. Therefore, users should be able to run the model for

a one-year time period. However, multiple-year runs should also be possible in order to

evzluaie longer-term consequences of meznagement decisions.

Pzriicipents decided thzt monthly czleulations of output varizbles would be
sufficient to develop and evaluate manzgement plans. However, the model might have
to use daily or weekly input varizbles and calculations to maintain hydrologic integrity
(e.g., a celculation based on averzge monthly evapotranspiration could result in the "loss"
of more water than a unit contzined during that month).

Output variables

For each meanagement unit, the model should, at a minimum, provide monthly
caleulations for surfzce acres flooded, surface elevation, and water depths in specific
spatiel zones. The water depth in specific spatial zones is especizlly important because
it would 2llow refuge staff to integrate information concerning wetland plant germination,
current vegetetion composition, znd wildlife hebitat needs with predictions of water level
changes associzted with proposed manzgement zctions. For exemple, knowing when a
certzin spetial zone will be a mudflat would allow refuge steff fo predict the type of
vegetztion that may germinate in that zone in the coming year. Knowing when existing
zones of vegetztion will be floaded to different depths would provide information on
potentizl nesting and brood rearing cover. Such depth information would also allow an
assessment concerning volume of water vsed per unit area of habit et crested. A water
menagement model that does not consicer spatial zones within a unit would not provide
zdequzte informetion. For example, consider the dizgrems of water depths in Figure 3.
A model thet provided a monthly depih profile for the unit as a whole, rather than for
spztizl zones, would only be zble to tell the user that the surface area flooded O-1 it deep
was the same in June as it was in May and that the fotal surface zrea flooded had

decreased. However, refuge staff need to know, for example, that the outer zone was
. flooded in May but not in June.
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. Several options for providing information concerning water depths in spatial zones
were discussed. First, each unit could be subdivided into concentric zones, perhaps based
on 6-inch depth increments. Model output would then consist of the average water depth
in each of these zones each month, which would be integrated with information on
existing vegetation and plant germinztion requirements by refuge staff. This option
should be implemented initially because it is the least costly and uses the same
bethymetry information required for other outputs described zbove. This option might
zlso provide output that could be easily linked to a geographic informztion system.
Second, a vegetation simuletion model could be developed that used water depth and TDS
informztion irom the waier menagement model to explicitly predict vegetztion
composition and depth of inundation for concentric bznds in each management umt. Such
a model could produce output informaztion on acrezge/depth for eesch vegetzation
community (e.g., zcres of cattails flooded 0-1 7t deep, acres of cetteils flooded 1-2 ft

" deep). A final option would be to link output from the weter management model to a
GIS. The GIS would contein spatizl deta on vegetation in each vnit. Output from the
model could be used to display water depth profiles for each unit. By overlaying these
two deta themes, the GIS could produce estimetes of the acres of each vegetzaiion type in
ezch of the weter depth classes. While this option may not be implemented initially, care
should be tzken when developing the weter menegement model to ensure that model

“output cen be easily imported into the GIS and converted into appfopriate depth profiles.

The model should 2lso be zble to predict average TDS in each menegement unit.

Although TDS gradients develop within management units, it will not be possible to
incorporate such complexity in the water menagement model initially. Instead, the model

3 will zssume complete mixing within a unit znd conservation of salts (times a factor to
: crudely zccount for verious losses). If the model results are not edequate, then
refinemnents such as explicitly zccounting for salt becoming encrusted on the surface zs

units dry out, deflztion, and seepage losses will be considered. Incorporating a more

explicit TDS accounting component, zssuming thet baseline data exist, would greatly

increzse the complexity and cost of a weiland menzgement model.

Management actions

The model should allow the user to manipulzate the timing, amount, and source of
water deliveries to ezch management unit. This might be implemented by having the user

specify terget volumes (or surfzce acres flooded), and perhaps target TDS levels, for each
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unit for each month of the year. If a unit was below ifs target volume, or above its TDS
target, the model would try to reach the target by "calling for" water deliveries, subject
to constraints on remaining wazter rights as predicted by the Bureau of Reclamation and
the Below Lzhontan Reservoir hydrology models. If a unit exceeded its target volume,

the model would try to spill excess water into ditches or down-gradient management units.

At a minimum, the model should represent the current delivery and management
system. It would be nice if the model 2lso provided the capability to close down some
existing ditches (as has been proposed based on contaminant issues) or to add a few
additionzl connections (e.g., Dizgonel to East Canal). 4

Input daia

Three general categories of input data zre needed for this type of model. First,
dzta would be entered by the user for ezch model run to represent initial conditions and
proposed management actions. These dzta would include volume and TDS for each unit
zt the beginning of the yezr, volume and TDS targets for each unit for each month, and
the configuration of the water delivery system (i.e., whzt ditches and connections between
units are possible for this model run). Second, basic czpacities and characteristics of the
units znd water management system would be required, but would remain fairly constant
unless new construction or dredging wzs done. These data would include depth/erea
curves for each unit (depth/Aolume can be calculzted from depth/area), stage/discharge
curves for water control structures, capacities of delivery ditches, and monthly
evapotrznspiration rates by unit or vegetetion commumty. Finzlly, predictions of monthly
water zvailability would be provided by other hydrologic models and would serve as
constrzints as the model tries to meet monthly tergets.

Hardware Considerations

The wetland management model should be developed so that it is user-friendly and
can be run by staff on computers zt the Refuge heedquarters. While initial work on a
water mznagement model (e.g., development of generzl structure, demonstration of
feasibility and utility) should vtilize a herdware/software platform that allows for rzpid
prototyping and development, it is strongly recommended thzt the final model be
delivered on an IBM-compatible platform. If the model is to be linked with a GIS as
described zbove, then the model should contain an option for generating output in a
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format compatible with the GIS hardware and software. Hardware and software standards

for GIS zpplications in Region 1 are currently being developed.

Deata Needs

The wetland management model outlined ebove is based on a relatively simple
mass balence calculation of water in connected units. Inflows of weter (precipitation,
surface inflow, subsurfzce inflow) are balznced with outilows (evepotranspiration, surface
outflow, subsurface outflow), with change in storage zccounting for any difference in
inflows znd outflows for each unit. The accuracy of the model will depend on how well
these inflows znd outflows can be estimzied. Direct precipitation is a relatively smell
flow znd cen probably be reasonably estimated from precipitation records zt least for a
"monthly time step. Assuming surfzce flows can be accurately estimated from
measurements or from the results of water management decisions, the two most critical
varizbles zre evapotiranspiretion and subsurface flow.

Subsuriace flow

Subsurface flow is difficult to mezsure directly end is most easily obtzined by
difference after the other flows and change in volume have been measured. However, in
a modeling context there will have to be some calculetion of what subsuriece flow would
be under various conditions. The most convenient situztion would be if subsurface flow
is small enough relztive to other flows that it could be ignored. The U. S. Geological
Survey is currently measuring surfzce inflows and ouiflows, change in storage volume,
znd water tzbles in adjacent wells for one Refuge menagement unit. Defeils of this study
were not availeble at the workshop, but the results may identify the relative importance

- of subsurface flow or et least suggest a combined estimete of subsurface flow (most hkely
a net loss) and evapotranspiration.

Evapotranspiration

There are many formulze for modeling the rete of evapotranspiration, ranging from
a simple partitioning of an znnual total to complex equations incorporating solar radiation,
wind speed, cloud cover, humidity, and vegetation. Field measurements consist of 1) a

standzerd pan evaporaiion station for estimating evaporation from a defined open water
P
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surface and 2) difference methods that account for all the other flows and changes in
storage and then attribute the residuel to evapotranspiration.

The very high rates of evapoiranspiration in the Lzhontan Valley make
evapotranspiration an extremely important part of a water budget calculation.
Accordingly, workshop participants recommended that standard pan evaporation stations
be estzblished at Stillwater Refuge and Carson Leke. The nearest existing station has a
somewhat different microclimeate than the marsh sites and there has been a continuing
controversy about the appropriateness of using off-site pen evaporation data. This seemed
an issue thet could be resolved with some relatively straightforward measurements. If a

reasonzble relation could be developed emong stations there would be no need to continue
to maintain all the stations over the long term.

Howsever, accurete pan eveporation measurements or esiimates do not solve the
whole problem. Pan eveporztion data must be combined with some fype of water budget
monitoring of actual units in order to estimate the factor or factors relating pan
evaporation to the actuel evapotranspiretion from rezl marsh umits. Practically, such
fzctors mzy zlso end up incorporating some part of net subsurface flow as well because

of the difficulty of independently measuring these rztes in the field with difference-based
methods.

Bathymetry

Good bzthymelry, or topographic data, on the marsh units is imporient to a water
budget model for severzl reasons. This is the basic informeation used to relate the volume
of water in a unit to weter surfzce elevztion, or stage, eand to the surfzce zrea of the unit.
Stage-volume curves allow volume cheanges to be trecked from the easily obtained stage
readings znd convert model predictions of volume to water depth,” which is a more
meaningful habitat varizble. Area-volume curves relate volume to wetted surface zrea,
which is zlso an imporiant habitet varieble. Wetted surface erea is also a criticel variable
in the weter balance caleulation itself because of its influence on fotzl evapotranspiration
losses. Rates of evapotranspiration are estimated es a quantity of water per erea. This
rzte is then multiplied by the respective erea of open weter or wetted vegeiation fo obtain
the totel loss from the unit for some time interval. Thus the shape of the area-volume

curve can have a substantial influence on the water bzlance of a unit by determining

whether a given volume is spread over a large zrea and subject to high total
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evapotranspiration Jlosses, or concentreied in a smeller, deeper area and subject to
proportionally lower evapotranspiration losses. These general considerations are
especizlly important in the Lzhontan Valley marshes with high rates of evepotranspiration
and quite shellow topographic relief. B

The Refuge has detziled, current (1987) topographic meps prepared by
photogremmetry using surveyed control points and bench marks. The dzta are limited,
though, because areas under water when the photogrephy was taken are depicted as flat
with no undenwater elevations. These missing data zreas need to be filled in and similer
topogrephic data need to be developed for Carson Leke znd Fallon Indian Reservation.
Extreme low water conditions greatly simplify this job.

There are severzl methods that could be used {o obtain the additional elevation
data. Photogrammeiry from new photography flown when the units are dry is one
approzch. Ground surveying with a level znd tepe, or  fotzl station surveying instrument,
is another approach. Globzl Positioning System (GPS) instruments might be used to
estzblish horizontal (xy) locations, but would probzbly not be accurzte enough for
elevation (z). A verient of this zpprozch is to use the wazter surface as a level and
determine ithe horizontzl locations of the water's edge by surveying, GPS, or photography.
The Refuge has experimented with this approzch using a GPS insirument. The Refuge
elso has a laser level instrument and has vsed it to survey severzl cross sections. An

experienced Jand surveyor, or engineer, should be consulted to help choose the most
efficient epproach.

The zdditionzl elevation data should be zt least as defailed as the existing
topogrzphic maps.  Furthermore, there zre considerable zdventeges to having
georeferenced (mep or coordinate based) elevation data. It is possible to derive area-
volume curves by methods that do not zlso produce elevation contours with accurate
horizontzl (x.y) locations. Although such area-volume curves would be zdequate for the
water balznce calculation, they would not support any znalysis of which spztizl areas were
under how much weater. Given the possible linkage of output itom the wetland
management weater model to a GIS, it seems prudent to base the area-volume relations on
solid georeferenced elevetion data to avoid azdditionzl surveying that might be required

for the GIS.
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Monitoring

Cazlibration, refinement, and venfication of the wetland management model will
require field measurement. Selected flows, water surface elevations, and water surface
areas must be measured over time and compared to model output in order to calibrate
estimates of actual evapotranspiration and subsurface flow, and to venfy that stage-volume
and area-volume curves are sufficiently zccurate. The proposed approach to modeling
TDS is a severe simplification and is best viewed as an estimate of the "szlt concentration
potentiel" in different units. These model estimates.need to be compared to field
measurements of conductivity or szlinity. The importance of continued data collection

to verify and recalibrete the hydrologic relations and parameters cannot be overstated.

The Refuge has a continuing program of monitoring vegetation and wildlife use.

" This program should be continued and perhaps expanded to make it as consistent as
possible with the spatial form of model outputs. The wetland management model will not
directly predict vegetation or wildlife use. Thus, management decisions will have to be
based on a combination of water deplhs end areas predicted by the weter management
model, and vegetation and wildlife information obtained from future monitoring as well
s existing records. As such, it would zlso be useful to synthesize existing reports znd
understanding concerning water meanzgement of Refuge, Fallon Reservetion, and
Cenvasback Gun Club mershes and Cerson Lake. A GIS would be an excellent
framework for integrating model predictions, field observetions of hydrologic conditions,

and existing monitoring programs focused on vegetation and wildlife use.
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VALLEY-WIDE CONSIDERATIONS

One of the provisions of the 1990 Water Rights Settlement Act is for the Secretary
of the Interior 1o consider, by 1997, possible expansion of the Refuge boundaries. This
mandate, along with a generzl concern zbout how well the Refuge and other primary
wetlands represent and protect the biodiversity of the Lzhontan Valley, stimulated a
proposzl by The Nature Conservancy. fo conduct a valley-wide survey and classification
of wetlznd vegetation. This effort would involve a one-time vegetation survey of 100-150
plots conducted over 3-6 weeks. Concomitently, environmental variebles (e.g., soil type,
slope, aspect, elevation, lendform, water depth, and soil and water chemistry) would be
measured zt the site visit or determined from existing data sources such zs soil surveys.
Classification analyses of the patterns of plent species occurrence and correlations with
the environmental varizbles would identify distinct communities or cover types with an
indication of the environmentzl gradients associated with each.

One of the more useful results of the workshop was a clarification of what would
znd would not be zccomplished by such a study. Given the temporal variability of
imporiant environmentzl varizbles determining vegetation (e.g., water depth), the temporal
varizbility in marsh vegetation &t zny site, and the detail of vegetztion differences
importznt to wildlife, this type of extensive, one-ime survey would likely not produce
informetion on vegelztion responses to environmentzl conditions that was sufficiently
detailed to contribute to short-term water management decisions or a weilend manzagement
model. Furthermore, for practicel rezsons an imitizl effort would focus on plant
communities. However, a classification of plant communities would provide a solid
foundation for leter consideration of other components of biodiversity.

The principzl benefit of a valley-wide survey and classification would be to place
the Refuge and other primeary wetlands in a larger biodiversity context. It would define
important components of biodiversity thet ere (or ere not) represented and protected within
the 25,000 acres of primary wetlands specified in the setilement act and would therefore
be useful for establishing hzbitzt objectives and for eveluzating possible expansion of the
Refuge boundzries. This type of coerse, landscape-level znalysis is similar in many
respects to the predictive model of prehistoric land-use developed for the Stillwater
Wildlife Management Area znd currently being expznded to a larger zrea (Raven and
Elston 1989; Raven 1990). That model predicts the distribution and composition of
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archaeologicel sites over a grid of 1-km? cells, using variables such as soil type. With

: some zttention to the underlying data themes, such as soil type, it might be possible to
.’ integrate the results of a vegetation survey with the archaeological model in a common
GIS. This would provide a powerful tool for Jarge scale planning activities such as
zcquisition. It would also provide a foundation for adding additional landscape-level

spatial veriables including other components of biodiversity (e.g., vertebrate distributions)

end possibly contributions of various areas to water quality.

29




e

CONCLUSIONS AND RECOMMENDED ACTIONS

The objectives of the workshop described in this report were to evaluate existing

information concerning wetland communities in the Lzhontan Valley, discuss wetland
management models that might be developed to help manage the 25,000 acres of primary
wetlands specified in the settlement act, and identify future information and monitoring

needs to support wetland menagement decisions in general and the management model

in perticular.  The conclusions and recommendztions of workshop participants are
summarized below.

o

Refuge Objectives and Wetland Communities

Wildlife habitzt preferences, expressed in terms of cover fypes defined by
combinations of water depths znd vegetation, are reasonably well known for a
veriety of znimal species, including target species identified in current Refuge
objectives. '

Differences in vegetztion communities can be reasonably well predicted by
2 P Y

differences in water depth and szhnity.

Current management znd planning of marsh menagement units 1s most limited by
the ability to forecast water depth and szlinity conditions that would be created in
different manzgement units as a result of water management decisions, rather than
the ability to relate those envirenmental conditions to vegetation or to relzte the
resulting habitat to enimal species responses.

A wetland management model would help forecast the water depth and salinity
conditions resulting from meanagement actions zs described above. A GIS would
allow these forecasts and existing informetion concerning vegetation communities
and wildlife habitat preferences to be better utilized fo support management

decisions. Specific recommendztions concerning models and a GIS zre listed
below. o
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Wetland Management Models

1. A wetland management model should be developed that includes the 25,000 acres
of primary wetlands specified in the settlement act (the Refuge, Canvasback Gun
Club, Fallon Indian Reservation, Carson Lake). For each marsh or management
unit, the model should provide monthly output on surface acres flooded, surface
elevation, water depths in defined spatial zones, and average TDS. The model
should allow the user to manipulate the timing, amount, and source of water
deliveries to ezch marsh or management unit and should provide the capability to
mzke single-year model runs to help develop annual management plans or

multiple-year runs to evaluate longer-term consequences of management decisions.

o

An existing wetlend management model provides many of the capabilities
Jescribed above. This model could be expznded to include the Fzllon Indian
Reservation and Carson Lake and modified to predict water depths in specified
spatizl zones within mearshes or management umts.

W)

Development and calibration of a wetland management model will require

~dditionzl data collection znd continued monitoring. The primary needs are to:

a. Esteblish pan eveporation stztions and conduct water budget monitoring for
selected wetland management units.

b. Finish topogrzphic mepping of refuge management units and develop
topoaraphic maps for Carson Lzke and the Fallon Indien Reservation. The
elevztion dzta should be zt least as deteiled as the existing topographic maps
and there would be significant advanizges to developing georeferenced
elevetion dzta for eventuel inclusion in a GIS. '

c. Estzblish monitoring programs for selected flows, water surface elevation
and area, and water salinity. Current Refuge monitoring of vegetation and
wildlife use should be continued or expanded to mzke it as consistent as
possible with the spatial form of model outputs and a GIS.
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Existing information and understanding concerning wetland management at the
Refuge, Canvasback Gun Club, Fallon Indian Reservation, and Carson Lake should

‘be synthesized.

Valley-wide Considerations

Wetland plant communities throughout the Lzhontan Valley should be inventoried
end classified. While such a study would not likely produce information
sufficiently detailed to contribute to short-term wetland management decisions, it
would define importent components of biodiversity that are or are not protected
within the 25,000 zcres of primary wetlands specified-in the settlement act. Such
information would be very vseful for evaluzting possible expansion of the Refuge
boundaries.

With some zattention o the underlying data themes, it might be possible to integrate
ihe results of the wetland plant community survey with the archzeological model
in a common GIS. Future monitoring of marsh conditions, vegetztion, and wildlife

use for the 25,000 acres of primeary wetlands could also be incorporated into this
GIS znd used to support future management decisions.
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STILLWATER MARSH and LAHON"I‘AN VALLEY WETLANDS
LITERATURE REVIEW

Executive Summary

A teview of known literature on Lzhontan Vailey marshlands was made by The
Neture Conservancy in preparation for the Stillwater Waler Mznzgement Analvsis Scoping
Workshoo held in Fzllon, Nevada, 17-19 November 1992. The objectives of the literature
: eview were to evaluzte the exising information for its value to thres levels of manzgement
' nesds, including: 1) day-to-day marsh menzgement operztions and modelling at Stillwater
Nationzl Wildlife Refuge; 2) coordinated marsh manzgement of thres primary wetand
sreas—Stillwater Refuge, Carson Lzke, and Fallon Indizn Reservaton; and 3) an assessment
of biological diversity for the entire Lzhontan Valley.

—_— .

The interest in evaluzing the litereture for information on the biologiczl diversity of
the Tzhontzn Valley is two-fold. Secton 206 of Public Law 101-618 directs management of
Stilwzier Nztionzl Wildlife Refuge for purposes that include mazintzining and resionng

- nzmurzl biological diversity, znd providing for the conserverion and management oI fish znd
wildlife and their hebitzts. In zéditon, the law authorizes recommendziions of any boundzary
revisions thzt may be ZDDropHale 10 Carry out those mznagement PUIpOses. Conseguently, it
was of interest to know whether the existng information on biodiversity is aGeQuaie 10 Cerry

out the mentaiss.
Severzl sources were used 1o obtzin litererure citzions and copies of the literature for
)

‘e

review. By fzr the most vseiul source of information on Lzhontzn Valley marshlands came
from files znd stzff at the Stllweaier Natonal Wildlife Refuge. Other sources included:
Nevada Depariment of Wildlife; U.S. Fish and Wildlife Service (Reno Enhzncement Ofiice,
Porilzand Regional Office, and Natonal Wetlands Resezrch Center, LA); Nevada Nzmrel
Heritzge Program; znd the Department of Navy (Fzilon Navzl Air Stztion). Some sources oI
information, such as the University of Nevada, Reno and the Soil Conservzton Service,
could not be pursued beczuse of project dme—constaints. Accordingly, the review is not
exhausuve.

Ninety-four documents were obtzined and reviewed for informztion on marsh
mznzgement and biodiversity of Lahontzn Valley wetznds. An znnotzied bibliogrzaphy of
these sources follows. It is arrenged chronologically within four time-periods: pre-Newlands
project; early Newlands project; early refuge development; 2nd, post-refuge development.

Literature from the pre-Newlzands project ome peniod (1 845-1898) are either
descriptive accounts or scientfic notes by early explorers and sciendsts. These accounts are
tco generzl to drew conclusions regarding the specific distnibutions and 2bundances of planis,

- ' animals, or communities in the Lahontzn Valley at that ume. Almost all were writien after
’ the mid-1800s westward migration to Czlifornia and early settlement in western Nevada.
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The Lzhontzn Valley already had been zltered by Jarge-scale human disturbances (livestock
grazing, waler diversions, marshlznd buming, conversion of natural communities to
. croplands). As a result, no detailed pre-Gisturbance baseline of the marshlands exists and all
: subsequent literature relates to modified lendscapes to varying degrees.

| The early Newlands project litereture of the marshlands (1908-1937) is scant. During

; this time pericd, development of the first Federzl irnigation project was viewed as positive
progress znd litle consideration of impacs {0 the environment were made. The few 1eports
provide lists or very brief descriptions of plant communities and animals. They are of lifile
value for determining the current stztus znd changesin biodiversity, and they zre of no value
to marsh manzgement and modelling efforis. '

Literature from the pericd of early development of the Stillwater Nztional Wildlife
Refuge (1943-1957) was wintten during construction of the refuge. Many of these studies
» focused on narrzting generzl marsh conditons and monitoring the responses of 2quanc
: " vegetzton znd waterfowl to those conditons. They zre the first rejzively detziled accounts
of zguztic marshlands and include the first good descripdons of vegetzton and plant
associztions. Concems zbout ihe losses of wedands and changes in species composition of
i communities surizce in this liierarure. Although many environmenizl varzbles were not
monitored, the studies provice much nesced informzton for marsh meanagement. They &iso
conmmbuie informzron on some changes i the zrea’s biological Giversity.

The period of post-Cevelopment of ihe Sullwaier Refuge (1859-present) provides ihe

eztest quantity and the highest qualiry of dzia. Exiensive dzia collection znd mOMitorning in

aquztic and submergent mzrshiznd communites was done primarily 2t the refuge, but 2iso at
“other marshlands in ihe velley. More dewziled information on environmentzl varzables, such
as turbidity, salinity, end water depths, Wwere systemetically collecied. A wezlih of
informznon jor meanzging and modelling zquztic and submergent marshlancs for waterdird
production is provided. FHowever, most other marshland types were not studied. Some
species informaton for tall emergent communides s given, but essentaily no data for short
emergents, greminoid meacows, grasslends, or zikzli scrub communides are Getziled.
Species lisis of common plants znd animals can be glezned from ihe literztvre, but dzta on
COmMURiTYy compositions, plant assccizrons, STUCHIE, znd changes in these atmibuies
through ime are Jacking. Lirde infommzton for menzging and modelling other marshlands 2s
habitzt for other avifzuna is availzble. Linle information on the distributions and abuncznces
of invertebrzies and smzll memmals is mown. The ltereture documents the decrezsed trend
in acrezge of wetends, but it lacks detziled dafa 0 thoroughly evzluate the past and present
diversity of biologiczl resources.

1

A fundementzl undersiznding of the components of natural biological diversity of the
2 I zhontzn Valley is nesded to properly manage the Stllwater Nztional Wildlife Refuge 2s
well 25 10 evaluzte marshiznds that should be zdded to or eliminated from iis boundamnes.
The existing literature provides some of that undersiznding, dbut many gaps in the dzta exist.
Refuge mznagement and boundary evaluzion would denefit from a more sysiematic
= . inventory of Lzhontan Vailey marshlands. :
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Annotated Bibliography

T. Pre-Newlands Project Literature:

Spence, M.L. and D. Jackson (eds ) 1973. The expeditions of John Charles Fremont.

Volume 2, Supplement, procesdings of the court-martial. Univ sersity of Illinois Press,
Urbana, IL.

Tn 1845, Fremont's party camped at North Carson ILzke (Stillwater Marsh). The
outlet is described zs having banks 8-10 fest high with willow growth. About 8 miles
"below is a lerge marsh hidden by sand hills end with "extremely disagreeable waters”.
Moving southeast to Czrson Lake, the border of the Jake was edged for 30-40 yards
in width with a thick growth of bulrushes. "Itis a very prety sheet of water; verious
Yinds of fowl in zbundznce. The greatest length is zbout 11 miles. The Jzke is
bounded on the west by a low renge of mountzins; ebout m: “Gway on the western side
a strezm [Carson River] enters it. Slightly Gmbered; Trobably cotionwood.”

Simpson, J.H. 1876. Report of explorztions zcross the Grezt Basia of the Temtory of Utzh
for a direct wegon-route from Camp Floyd to Genoa, in Carsen Valley, 1859. U.S. Amy,
Engineer Department, Wzshingion, D.C. Reprinied by University of Nevada Press, Reno,
NV, 1983.

A descripive narrerve of ihe sink of Caison Veiley in 1‘:33 The Czarson RIver io
ihe northwest is quite disuncily marked by a line of green cottonwoods. The zlluvizl
botom of Czarson Lzke is extensive and rich, with a luxunant crowih of rushes,
zlthough somewhat zikzline in places toward the southern portion. The outet is zbout
50 feet wide znd 34 fest deep, flowing northward with a strong current. Rirgs zie
frequent. The lzke is nlled \»mh fish, local Pzivies are drying chubs and mulilet. The
east shore of Carson Lzke is ﬂdcmed with rushes, the shores covered with muscle-
shells [sic]. South half of lzke is white with zikzli.

DeQuille, D. (W. Wright). 1963. Washoa Rambies. Westerniore Press, Los Angeles, CA.

Journeyed from Virginia City through the Lzhontzn Vailey i0 the Stilwater Rznge {0
explore the geology 2nd mining potentdzl of the zrea in 18€3. Anecdotal WIIUNgs
zbout the zrea include 1) water overflowed from Carson LzXke into Stillwater Slough;
2) at the mouth of (Smlvmtﬁr) slough, a Jake wes bordered by "very extensive
mezdows of excellent grass™; 3) marshes with bul-rushes were noted and Indizns hzd
baskets filled with "ihe ws of a species of weter-dock znd various grasses growing
in the marshes nezr the mouth of the slough’; 4) there was a leke in the Carson Sink.
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Monroe, E.B. 1867. Plat mzp of Carson Lake. On file at Stillwater National Wildlife
Refuge, Fallon, NV. 1 plate.

Indicates about 14 square miles of "Tule Swamp" fmnging Carson Lzke on north and
east margins up to 1/4 mile wide, and on northwest, extending up the floodplain of
the South Fork Carson River for several miles. Indicates that present Stillwater
Marsh area "overilowed" in an zrea of 32 square miles. A marginal znnotation notes
vextensive Tule Swamps" for the mouth of Old River at the southern margin ol
Carson Sink, but does not indicate SO on Mzp.

According to Rzven and Elston (IQSO) Monroe's "Tule Swamp" 2t Carson Lzake is

mzrked as "tule marsh" on the 1876 Whesler Survey map, while Stullwater marsh
area is marked as "tule swamp”.

Russell, I.C. 1885. Geological history of Lzke Lznontzn, a quatemnary leke of northwestern
Nevada. U.S. Geological Survey, Washingion, DC. 283 pp.

Prior {0 1862, the Carson River flowed to South Carson Ic_ke (2long the souih ork)
The 1862 high water flows difurczied to both South and North Czrson lzkes, wiih i
slough between the Dwo arezs. Rznchers had cut zn overllow chznnel to the cC'\Jff
which Jzter crezied "New River” cunnc the flocd of 1862. Accounts ftom 1859 znd
1866 zre compered: in 1859, Czpizin Simpson reperied the slough to be 50 fest wide
and 3-4 fest cesp; in 1866, Lievienznt Birne reporied weaiers sluggish with scarcely
percepublie flow. Russeil describes Czrson Leke zs £0 squere miles, while the sink
was dessicated because zil waier had besn diveried {0 South Carson Tzke. Varous
branches of the river may be traced by lines of vivid green cottonwood tress that
mark the miver courses. His 40 sq. mi. descripton of Carson I zke is used zs the
basis for later hisioriczl reconstrucdons of the wedands.

2piay;
Qign

Bailey, V. 1898. Physiogrephy, Nevaca: Cdcoq Tzke Valley (\’vadswoi‘dﬁ Rzagtown, and
Stillweter). Hzndwritien notes. 8 May 1893. Srnithsonien Insdwution Archives, Record Umt

7176, U.S. Fish and Wilclife Service, 1860-1961, Field Reports, Box 69, Folcer 14,
Washington, D.C. 3 pp.

Describes the physiogrzpny and general vegetzton of the Carson Sink (in vicimty of
Pr_lIO"l NWR) from a 3-day fleld imip. Mentons 3 vegetztion types: 1) slope soils
zched of salt 2nd soda with other than aikzline plants, 2) flat veiley bottoms loaded
with szit and soda, baked mud, where rain water setles, and dev oid of plants, 3) flat
botiom of vealley with ccc*ie;ed low shrubs of Szrcobatus, Atrplex, Suzeda, and
Tewrzdymia, 4) extensive sznd Gunes, 5) clay mounds with Sarcobzatus near lowest
mud lats, 6) extensive shailow ‘ake/'cule swamp of the valley botiom, 7)
szltgrass/sedges/tules associzted with lake/swamp, znd 8) narrow and broken line of
cotionwocds ziong the Carson River. Mentions 3 disturbance. fzctors in place: 1)
livesiock grzzing—many thousznd hezd of stock wintering in marsh anad foraging on
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saltgrass/sedges/tules; 2) and 3) water diversion znd crop conversion—ranches along
river with ditches for the imrigation of alfalfa and fruit crops.

Bailey, V. 1898. Nevada: Stillwater to Ione, Birds. Handwritten notes, 10-14 May 1898.
Smithsonian Institution Archives, Record Unit 7176, U.S. Fish and Wildlife Service, 1860-
1961, Field Reports, Box 70, Folder 16, Washington, D.C. 6 pp.-

Lists 42 species of birds with notes on relative zbundances and habitzts. Most were
noted in the desert mountains rather than in the lowlands of interest.
Bailey, V. and H.C. Oberholser. 1898. Nevada: Carson Sink Valley, Wadsworth,
Ragtown, and Stillweter, Mammels. Handwritten notes, 10-14 May 1898. Smithsonian
Tnsttution Archives, Record Unit 7176, U.S. Fish and Wildlife Service, 1860-1961, Field
Reports, Box 69, Folder 13, Washington, D.C. g pp.

Lists 20 species of mammals with notes on relative abundances and hzbitats. Most
were noted in weiland communities. Mentions that tules had been burned.

Beiley, V. and H.C. Oberholser. 1898. Nevada: Stillwzater to Ione, via Osobb, Lodi and
Lone Veileys, Mammals. Hendwritten notes, 10-14 May 1898. Smithsonizn Institution
Archives, Record Unit 7176, U.S. Fish and Wildlife Service, 1860-1561, Field Reports, Box
69, Folder 13, Washington, D.C. 6 pp. ‘

Lists 19 species of mammals with notes on relanve zbundances znd habitats. Most
were noted in the desert mountzins rzther then in the lowlands of interest.
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" 1. Early-Newlands Project Literature:

: Fisher, A.X. 1908. Fallon, Nevada: Birds. Handwritien notes, 7-13 and 21-22 August
: 1908. Smithsonian In<tmmon Archives, Record Unit 7176, U.S. Fish and Wildlife Service,
1860-1961, Field Reports, Box 69, Poloer 21, Washington, D.C. 3 pp.

Lists 40 species of birds with very brief notes on relative abundances.

Piper, S.E. 1908. Nevada: Fallon, Mzmmeals. Handwritten notes, 17-27 January and 26
March-15 April 1908. Smithsonizn Instrution Archives, Record Umt 7176, U.S. Fish and
Wildlife Service, 1860-1961, Field Reports, Box 70, Folder 19, Washington, D.C. 7 pp.

Lists 21 species of mammels with notes on reletive abundances znd hebitats in the
vicinity of Fellon.

Hall, E.R. 1925. Nevada Report, Mammals, Churchill County, Nevada. Handwritten
notes, 11-18 May 1925. Smithsonizn Insttution Archives, Record Umit 7176, U.S. Fish and
Wildlife Service, 1860-1961, Field Reporis, Box 70, Folder 3, Washington, D.C. 14 pp.

Tists 21 species of mammals with notes on reiziive ebundances znd habitzts.
Krezger, P.T. and Jr. Forester. 1929. Fellon migrelory bird refuge—acquisition

examinsrion report. Unpublished manuvscript, Smithsondan Instiution Archives.
map.

2Dp. +

Mzp shows 14,000 zc of wetzncs at the terminus of the CaISOIl River—zt Fzllon
NWR.

Sperry, C.C. 1929. Report on Carson Sink (Churchill Co.) Nevada: Its duck food resources

and value as a federal migrztory bird refuge site. Unpublished report, Smithsonian Insttute
Archives, Washington, D.C. 3 pp. =+ maDs.

Describes the vegetztion, in an zrea of 4 townships centered nezr present dzy Failon
NWR, primerily by dominants, zad provides some quelitaiive comments on
zbundances. Discusses 8 marsh types (alkzli bulrush, tule, thres-square bulrush,
common cattzil, czttail/zlkali buirush, common spikerush, mix of
spikerush/czttzil/alkz1i bulrush, zcicular spikerush), 4 zquatic types (s2go, homned
pondwesd, water-milfoil, coontzil, with zlgze common throughout open water), 1
riparian type (willow znd popler with white swest clover, caitzil, juncus,
chrysothamnus, mustard, szltgrass), and 4 sink shore types (szgebrush, iodine bush,
picklewesd, szltgrass). Mentons dbirds and quzlitziive zbundances. Frogs and clams
_were common, snails and aquatic insect life were aDU]’lOc.nt Concluded that zrea is of
high value for a refuge.

~ . .
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Winsor, L.M., G.E. Holman, znd B. McBrde. 1937. Report on Stillwater area Carson
Sinks project, Churchill County, Nevada (Report covering plan of proposed development,
Stillwater area Carson Sinks migratory wzterfowl refuge, Churchill County, Nevada). U.S.
Department of Agriculture, Bureau of Biological Survey, Fallon, NV. 30 pp. + maps.

Purpose of report was to zddress problems with TCID proposal to create a migratory
waterfowl refuge by lezsing 30,000 ac to the Bureau of Biologicel Survey. TCID
would provide land and water and receive pasturage, while the Bureau would pay to
construct the 9 mile water delivery ditch from Stillwater Slough znd get the refuge.
The main problem was the location of the proposed ditch to convey water to the
refuge. Problems addressed included a dispute by Freeman Ranch that TCID does
not have the right to divert water from the slough; the gun clubs and private hunters
object to closing the refuge to hunting; 2nd nesd for more engineening dafa to
determine amount of zrea that proposed canzl could cover. No vegeiztion or
manzgement information, but appendices include flow, precipitation, znd pan
evzporztion dzta. Average annuzl pan evaporztion data for 1908-1934 = 58.63 in -
4.9 in znnual precipitztion / 1.3 (conversion factor for pan) = 41.33 in or 3.44 it.




III. Stillwater Refuge Early Development Literature:

. Savage, J.C. 1943. U.S. Fish and Wildlife Service memorandum regarding waterfowl

? bresding condition in western Nevaca during June, 1943. Smithsonian Institution Axchives,
Record Unit 7176, U.S. Fish and Wilchie Service, 1860-1961, Field Reports, Box 71,
Washington, D.C. 3 pp.

Water conditions were found io be excellent in 21l zreas reached, and for Stillwater
Marsh in particular, it was in better condition then in the past twenty years. The
vater area is very large and the shore line very extensive. Waterfowl population was
quite satisfactory. The rechead population is worthy of note—it formed about 40% of
enfire number of dbirds in erea. Broods were observed, but it was noted that later
observation would show many more young birds. No specific numbers were given.

Billings, W.D. 1945. The plant associztons of the Carson Desert region, western Nevada.
Butler University Botzniczl Studies 7:89-123.

Detziled descriptions of 15 plant zssociztions Lstng dominants and charactenisic plant
associates in the region. Inciudes cescriptive informztion on environmentzl varables,
cuch s soils znd reiztive szlinity. Eight associztons zre upland types: limde
creasewood-shadscale; winier izt calea] big grezsewood; big greasewood-shazdscale;
rzbbitbrush; iodine bush; znd sagebrush. Seven zre ripamzn/wedzand fypes: samphire;
zikzli grass; saltgress; bulrush; cai-izil; spike-rush; end COTIORWOd.

0 Anonymous. 1947-1950. Raw data forms. Unpublished dzia, on file et Sailwater Natonal
Wildlife Refuge, U.S. Fish and Wildlife Service, Failon, NV. 13 pp.

Raw dzta for various siztions in Izhontzn Velley (Stillwzter Diversion Canal, Xent
Izke Drzin, Segouspe Dam, Stillwater Slough, Upper Painte Drein, and Stllwater
Point Reservoir) including data on electrical conductivity, totzl dissolved solids,
cztions, and znions (chloride, boren, and others). Also, water cienty forms for some
stzions with notes on plant growi. ' ‘

Marshzll, D.B. 1949. Suilwater Wildiiie Management Area, Churchiil County, Nevada: A

biologicel investigzdon of the Stillwater 'Wildlife Mznagement Area, June 7, 1949 to
September 16, 1949, U.S. Department of Interior, Fish and Wildlife Service, Fallon, NV.
50 pp. + meps.

First descriptive biclogiczl report produced for refuge just 1 year ziter estzblishment
znd during constructon of area. Physical descriptons (water, turbidity, acreages,.
soils, pH) are brief. Stztes that "zanual evzporetion is 5 feet”, a much lerger figure
than 1937 report by Winsor and others. Discusses 7 subjective vegetation types
(essentizlly zrezs in the reruge), S aie Open weler or management units, and 1isa
desert type. Describes their predominant plant communities (11 total) as emergents




(4), shoreline (2), zquatic (3) and desert (2). Lisis plant species, with a focus on

ﬁ dominants, and describes their distributons, with 13 emergents, 12 zquatics, 11
shoreline, and 8 desert species. Lists 10 fishes; 7 zre game and 3 are non-game
species. Lists 8 herptiles; 2 are amphibians and 6 are reptiles. Lists 97 birds with 14
only from Canvasback Club znd 9 only from the Stillwater Range; most common a1e
water/marsh birds (10), ducks/geese (13), shorebirds (17), and passerines (16). Gives
population numbers for weterfowl. Finally, lists 8 mammals.

Mzp of cover types based on zerizl photos (tzken by Navy during Wer) Is at scale of
sbout 2.2 in = 1 mi. Includes 4 emergent types in color: narrowleaf cattzil (Typha
domingensis znd T. angustifolia fogether); alkali bulrush; hardstem bulrush; saltgrass.
Also includes locztions znd zbundances of 4 zquedc types: s2go, coontzll,
wigeongrass, muskgrass. Abundznces are 3 subjective categories of scatiered,
moderzate, or heavy growih. ‘ ‘

Anonymocus [probzbly D.B. Marshall]. 1951. An invesngztion of the factors afiecting the
growth of zeuztic plants on the Stillwater Wildlife Mznzgement Area, 24 September 1951.
Unpublished paper, on file at Stllwaier Nztional Wildlife Refuge, Failon, NV. 5 pp.

Purpose of study wes 10 determine facfors prohibitng e growil of wzieriowl food
plznts—azssumed turbidity was liminng jzcior. Studied turdicity of various ponds zt
the marsh. Smail ponds were clezrest. Six faciers contibuted f0 turoidity: 1) siit
cherzcier; 2) curtenip ) muroulence 2t scucores; 4) wave acdon in lzrger ponds; 3)
lzck of boriom orf bank cover; 6) carp acuvity. Sago ¢ismmibuton nol closely related
10 turbidity, so smdied soil characienisucs. S2go usuzily present on soils with greater
minerzl content, but zlso present in some ponds with muck bonoms. Concluded that
periodic desiccalion may Promoie s2go growlh.

Anonymous [probzbly D.B. Marshall]. 1952 or 1953. Mzp of cover types of Stillwater
Wildlife Management Area. Unpublished map, on hle 2t Stillwzter Netonel Wildlite
Refuge, Fallon, NVY. 1p.

o

-
Ivi

Mzp has about 135, color-coded, cover Types, such as, looded, carizil, bulrush,
jtgrass, greasewood, zlkali wesd, and other dominants; inciudes bounczaries of
jienzgement Lnits/ponGs.

.
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Marshall, D.B. 1952. Hebiizt types of the Stillwater Nezrsh end their vzlue to nesting ducks
with reference to future meznazgement. U.S. Department of Intenior, Fish znd Wildlife
Service, Fallon, NV. 29 pp. + 11 maps znd izbles.

Two-year study eveluzied various habitzt types for nestng ducks et Sullwater. Again,
: inciudes bref physicel descripdons. Discusses the value of 5 brozd types and 17

X scecific types of habitzts based on water durztion and species presence and zbsence.
Group 1, with 2 types, zre long-lived permanent waler bodies with no open shore
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edge and no szgo—poorest nesting habitats. Group 2, with 2 types, are permanent
water bodies for 5-10 years with sago—poor hebitats. Group 3, with 6 types, are
zreas subject to Jate summer drying, all support sago—good habitats. Group 4, with
6 types (1 intermediate with G3), are areas flooded in high water years only znd may
have sago—best habitzts in general. Group "5", 1 type, is flooded alkzli flats with no
plants—good habitat. Gives total zcres, edge milezge, 2nd duck numbers of types.
Provides information for management of waterfowl (puddle and diving ducks) habitat
types. Concludes thaet with proper weter manzgement (periodic drying and seasonal
draw-down) can produce more ducks. Histogrems and photogrephs included.

17.S. Fish and Wildlife Service. 1952. Narrative report: Stillwater Wildlife Management
Area, January-April, 1952. Unpublished report, on file at Stillwater Nationzl Wildlife
Refuge, Fzallon, NV.

Peggy Wheat, a local zrchzeclogist, interviewed Alice Steve and Woozie [Wuzzie]
George, loczl Pzivte Indizns determined to be qualified observers. Dave Marshall,
refuse biologist, helped znd spent thres dzys with them veniying plant and ammal
identificztions. All piznts had individuzl names, except for submergents which had
one general nzme. Alice and Wuzzie provided descniptons of the area and compared
he vegetzoion zround 1900 to current (1952) vegetztion: hardsiem bulrush—1600 zc
vs. 800 zc now; canizil—1300 zc vs. 3800 zc now; alkzll bulmsh—1200 zc vs. 1200
zc now. Mentons that the Indiens created Incdizn Lekes in recent omes by dzmming
the Cerson River znd Givermng weaiel into zn excavzizd chamnel.

Marshall, D.B. 1953. Vegetztionzl changes in the Nutgrass unit of the Stllwater Marsh.
" Special zeport, U.S. Depariment of Interior, Fish and Wildlife Service, Fallon, NV. 4 pp.

Descrbes the zcrezges of czatizil, hardstem bulrush, alkzli buirush, open water (with
s220 znd wigeongrass), zrnd island (with bare ground and saltgrass) in the unit on June
1951. Then recounted management zctons: 7/31—dried; 10/51—ilooded; 2/52—dry
xcept for despest arezs; 6/52—iflooded znd dry in 1 month; 1/53—sheots bumed;
1/53—shallow flooded desper arezs; 6/53—flooded; 7/53—resveluzied acrezges of
vegetztion types and found much less carail znd hardstem, more open water which
was very clear and fres of fish, lots of catiail se=dlings; 7/53—dreined to Wil carzil

© se=dlings; 8/53— canizil sesdlings dezd. Discusses management implications.

Giles, L.W. 1953. Loss of carizil and bulrush in the Sailwater Marsh cutside the Nutgrass
unit. Special report, U.S. Deperiment of Interior, Fish and Wildlife Service, Fallon, NV. 7

PP-

Compares zcrezges of tall emergents in refuge units berween 1951 and 1953, and
showed a 23% loss on refuge and 48% loss in open hunting areas. Discusses factors
including 1) muskrat grazing responsible for hardstem bulrush losses; 2) lack of fire -
(Canvasback Club bumed annually in spring and has more gresn emergents and less
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die-off than refuge); also related are possible chemicel changes in the soil and water
from accumulzation of organic matter and loss of water circulation; 3) flooding from
higher water levels; 4) disease, redspots and out-of-season color changes to bright
yellow noted; 5) increased zlkzlinity from increased capillary acticn. Mentions that
carle ranchers regularly bumed marsh prior 10 refuge estzblishment. Refuge
menagement objectives were directed towzrd elimination of extensive cztizil growth to
create better puddle duck nesting habitat, but they noted that this reguced muskrat
~ habitat. Concluded that spring buming is essentizl 2nd completion of water control is
important to grow sago. '
Hazeltine, ILB. 1954. Inventory of wetands for the stzte of Nevada. U.S. Depariment of
Interior, Fish zand Wildlife Service, Poriland, Oregon.

This was part of 2 nadonwide survey to lecaie znd tabulzte by habitzt type the
important wetlands 2nd esumate their current value for waterfowl. Much informaton
was collected from FWS znd NV Fish and Game Commission oifices, then Held
examination was mzde to assess current concibons. Wedznd types end “¥zieriowl
nses were classified. Of the 11 overall types of wetlznds 4 were icentified for
Churchill County: 1) iniend fresh, seasonally flooded basins or flzis; 9) inland saline,
szline flzts; 10) inlend szline, saline marshes; znd 11) inland szline, open szline
weler.

Sutheriand, D.E. 1957. Estumated waier requirements, Stilwater Wilélife Mznzgement
" Area. Unpublished paper, on file at Stllwaier Nztonzl Wildlife Refuge, Fzllon, NV. 7 pp.
\ + 12 tzbles and 2 zppendices.

Purpose of Teport was to provide esimates of water requirements nesded to maintain
venous wetlands. Wetlands were defined as open wealel, maish (emergenis),
saltgrass, and bmigated pasture. Canvasback Club was included beczuse it was
considered integrel to marsh. Computations assumed thzt ground seepage was zero.
Open water eveporetion estmated by pan eveporziion method was 34.9 in annuzlly (x
.94 pan coeff - 4.95 znnual ppt = 46.6 in or 3.9 7t water reguired). Gther wetznds
were computzd by Blaney-Criddle method using climate data, yielding 43.9 in (3.8 fi)
for emergents, 24.5 in (2 fi) for szitgrass, and 24.5 in (2 ft) for pasres. Using

v estmates of current zcrezges, Weiel TEQUITEMERLS WeIe calcuizted zs 34,890 ac-it for
developed wetzands, 34,003 cc-ft for naturzl mershes, and 1,144 zc-i for pastures,
which totals 120,037 zc-ft for 34,706 ac cover. An zdditional 34,233 zc-t is nesded
for proposed developments. '
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IV. Stillwater Refuge Post-Development Literature:

Stllwater Aguatic Surveys: 1959-present

Purpose of series is to collect composition, frequency, and density dzta on submergent
vegetation in the Stillwater Wildlife Manzgement Area 2nd compare with previous
surveys in an effort to evaluaie management. Data are reported by primary marsh
units with some other observations recorded. Sampling methods and timing vary
throughout report series and make it difficult to compare between years. Very
detziled data on aquatic and submergent dominant species with exact distributions and
qualitztive zbundances (Jater reporns attempted to qu.anﬁﬁ( tonnzge of aquatics, but
stopped beczuse of intensity of sempling). Veluzble series for marsh management
information. B '

Hein, D. 1959. Stillwater Wildlife Mznagement Area, Fallon, Nevada: Stillwater aquatic
plant survey—19558. U.S. Fish and Wildlife Service, unpublished report.

The 1959 report by D. Hein, which is the first in the series of surveys, is missing
from refuge fles.

Wisemen, G.L. 1960. Stilwater Wilclie Mznzgement Area, Fellon, Nevzda: Stillwater

aquztic plant surv ey-—loéO TU.S. Fish end Wildlife Service, unpublished report on file zt
Stillwater Nztional Wiidlife Refuge, Failen, NV. 12 oo,

[Note: No report for 1961 was written beczuse severe drought conditons prevailed and no
zquznc plant survey was mace.]

Wiseman, G.L. 1862. Stilwater Wildlife Mznagement Area, Fallon, Nevada: Stllwater
aquatic plant survey—1962. U.S. Fish zad Wildlife Service, unpuohsned report on e zt
Stillwater Nationzl Wildlife Refuge, Failon, NV. 4 pp. + tzbles and maps.
Schwzbenland, P.A. 1963, Stillwater WiicliTe Mznzgement Ama Fzllon, Nevada:

Stiilwater aquatic plant survey—1963. U.S. Fish znd Wildlife Service, _mpubusned report on
file zt Stillwater Nationzl Wildlife Refuge, Failon, NV. 20 pp.

Schwebenland, P.A. 1964, Emergent vezetaton growih in 1963 on Stillwater Wiidlife
Manzgement Area. U.S. Fish and Wilglife Service, unpublished report on iile at Stllwater
Jzional Wildlife Refuge, Faillon, NV. 4 pp.

Ekedzhl, V. 1965. Hebitzt inventory techniques. Unpublished U.S. government
memorzndum {o refuge managers from the regionel refuge supervisor on hzbitzt
inventories—aquztic plant surveys. 7 pp. '

Documents a stzndzrd methodology for selecting sc.mphnv sites and sampling
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submergent vegetation, and gives a quick review of statistical znalysis of simple
random sampling data. The methocology was used for awhile, but was Jater
zbandoned.

Schwzbenland, P.A. 1965. Stillwater Wildlife Management Area, Fallon, Nevada:
Stillwater zquatic plant survey—1964. U.S. Fish and Wildlife Service, unpubhshed report on
fle 2t Stillwater National Wildlife Refuge, Fallon, NV. 41 pp.

Schwzbenland, P.A. 1966. Sullwater Wildlife Management Area, Fallon, Nevada:
Stillwzter 2quztic plant survey—1965. U.S. Fish and Wildlife Service, unp\,bhshed report on
Ale 2t Stllweter National Wildlife Refuge, Fallon, NV. 47 pp.

Nazpier, L.D. 1067. Stllwzater Wildlife Mznzgement Area, Fallon, Neva da: Stllweter

cqumc plant survey—1866. U.S. Fish znd Wildlife Service, unpublished report on file at
Stillwzter Netional Wildlife Refuge, Fallon, NV. 39 pp.

Napier, L.D. 1968, Stilwzter Wildlife Mznzgement Area, Fzallon, Nevezda: Stllwzater

aquziic plent surv ey—1967. U.S. Fish nd Wildlife Service, unpublished report on file zt
Stillwzier Naztonal Wildlife Refuge, Fzilon, NV. 42 pp.

Nazpier, L.D. 1969. Suilwater Wilclife Mznzgement Area, Fallon, Nevada: Stillwater
zquztic plant survey—1868. U.S. Fish znd Wildlife Service, unpublished report on fle zt
Stilwzier Nztionel Wildlife Refuge, Fellon, NV. 30 pp.

Nazpier, L.D. No dzte [19707]. Stillweter Wildlife Mznzeement Atea, Fallon, Nevada:

Stilweter 2quatic plant survey—1969. U.S. Fish znd Wildlife Service, mmbhthed report on
Ale 2t Stllwzter Netonal Wildlife Refuge, Fallon, NV. 43 pp.

Paullin, D.G. 1970. Stllwater Wildlife Mznagement Area, Fallon, Nevada: Sallwzier
zquztic plent survey—1970. U.S. Fish znd Wildlife Service, unpublished report on file zt
Stillwzter Nzoonzl Wildlife Refuge, Fallon, NV. 45 pp.

Napier, L.D. 1972a. Stillwzter Wildlife Mznzgement Area, Fallon, Neva da: Stillweater

zquztic plent survey—1971. U.S. Fish and Wilélife Service, unpublished report on file 2t
Stul\:mﬁr Nezdonzl Wildlife Refuge, Fallon, NV, 4 Pp-

No sysiemetic zquafic plant survey was made in 1971. The report is a descriptive
nerrenve only.

Nzpier, L.D. 1972b. Stllwater Wildlife Management Area, Fallon, Nevada: Stillweier
zquztic plznt survey—1972. U.S. Fish and Wildlife Service, unpublished report on fle &t
Stllwzter Nztional Wildlife Refuge, Fallon, NV. 35 pp.

13
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(Note: 1973-1977 Stillwater zquatic plant surveys were conducted as part of the SWMA
wildlife management study series, see below.]

17.S. Fish and Wildlife Service. No date. Open files on vegetation studies at Stillwater

Wildlife Management Area. Field notes, on file at Stillwater National Wildlife Refuge,
Fallon, NV. '

These appear to be the raw field notes for the binder reports summarnizing wildlife
habitat conditions and production in the mid to late 1970s.

Anonymous. 1978. Stllwater VWildlife Mznzgement Area Fallon, Nevada: Stllwater
zquatic plant survey—1978. U.S. Fish and Wildlife Service, unpublished report on file at
Stillwater National Wildlife Refuge, Fallon, NV. 4 pp.

[Note: No report for 1979 was written. ]

Ross, M.A. 1980. Stilwater Wildlife Mznagement Area, Fallon, Nevada: Waterfowl
habitzt survey—1980. U.S. Fish and Wildlie Service, unpublished report on file at
Stiilwater Nztional Wildlife Refuge, Fzllon, NV. 14 pp.

Brastrup, G.D. 1981. Stllwater Wildlife Mznzgement Artea, Fallon, Nevacda: Annuel
zquatic plant survey and wateriowl habitat survey—1981. U.S. Fish and Wildlife Service,
unpublished report on file zt Seilwater Nzfonzl Wildlife Refuge, Fallon, NV. 32 pp.

Gerdes, G.L. 1982. Stilwater Wildlite Manzgement Area, Failon, Neveda: Submerged
zquatic piant survey—1982. U.S. Fish and Wildlife Service, unpublished report on file zat
Stilwater Nadonzl Wildlife Refuge, Fellon, NV. 39 pp.

Gerdes, G.L. 1983. Stllwater Wildlife Mzanagement Area, Fallon, Nevada: Submerged
zquztc plant survey—1983. U.S. Fish and Wildlife Service, unpublished report on iile at
Stllwzter Nztional Wildlife Refuge, Fallon, NV. 51 pp.

Gerdes, G.L. 1984. Stillwater Wildlite Management Area, Fallon, Nevadz: Submerged
aquzdc plant survey—1984. U.S. Fish znd Wildlife Service, unpublished report on file zt
Stillwater Nzdonal Wildlife Refuge, Fzilon, NV. 30 pp.

Gerdes, G.L. 1985. Stillwater Wildlife Management Area, Fzilon, Neveda: Submerged
aquatic plant survey—1985. U.S. Fish znd Wildlife Service, unpublished report on file at
Sllwater Nationzl Wildlife Refuge, Fallon, NV. 22 pp.

Gerdes, G.L. 1986. Stillweier Wildlife Manzgement Azea, Fzilon, Nevzda: Submerged
aquatic plant survey—1986. U.S. Fish and Wildlife Service, unpublished report on file at
Stillwater National Wildlife Refuge, Fallon, NV. 24 pp.
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Bowman, T. 1987. Stillwater Wildlife Management Area and vicinity, Fallon, Nevada:
Stillwater aquatic plant survey—1987. U.S. Fish and Wildlife Service, unpublished report on
fle at Stillwater National Wildlife Refuge, Fallon, NV. 56 pp.

Rowmazn, T. 1989. Stillwater Wildlife Management Area and vicinity, Fallon, Nevada:
Aquatic plant and waterfowl habitat survey—1988. Unpublished paper, on file at Stillwater
National Wildlife Refuge, U.S. Fish and Wildlife Service, Fallon, NV. 48 pp.

This is the last summary report for the refuge to date. From 1890 on, data are
summarnzed in refuge.znnual reports only.

U.S. Fish and Wildlife Service. 1991. Table 5. Comparison of wetland acres and aquatic

plant vegetation of SNWR units from 1988-1991. U.S. Department of Interior, Fish and
Wildlife Service, Fallon, NV. 1 p.

Tzble is a summery from the refuge narratives writien in annual yezarbooks.
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paper, on file at Stillwater Nztonzl Wildlife Refues, Fzilon, NV. 11 pp.

Can?asback Club \Vatcﬁ'owl Hzbitzt Surveys: 1960-1965, 1972, 1986

Purpose of series is to determine present waterfowl habitat conditions on the
Cznvasback Club o understand its present znd potential value to breeding waterfowl
of the Pacific Flyway znd to znalyze current menagement. Objective of management
is 1o maintzin habitzt for the best duck production possible and provide best attraction
during migration for optimal hunting opportunity. Aquafic plant species and physical
conditions are reported by water zreas/manzgement units. Plants were sampled with a
rzke in random fashion. Water depth, light penetretion, bottom character (mud depth)
were measured while presence of carp was visuzlly esimated. Some notes on
emergents at pond margins are given. Later reporis hzad new observers so could not
compare with past years of subjective observauons. Used 2 5 category scale of
zbundance ratings which was more definitive then past subjective modifiers.

Wiseman, G.L. 1960. Wateriowl hzbitzt survey, Canvasback Gun Club. Unpublished
paper, on file at Stillwater National Wildlife Refuge, Fallon, NV. 29 pp. + 22 meps and
tables.

Wiseman, G.L. 1961. Waterfow] hzbitzt survey, Canvasback Gun Club. Unpublished
peper, on file zt Stillweter Nadonal Wilélife Refuge, Fellon, N V. 4 pp. + 6 maps and
tzbles. '

Wisemzn, G.L. 1962. Waterfow] habitzt survey, Cenvesback Gun Club. Unpublished
peper, on file at Stillwaier Nztional Wildlife Refuge, Failon, NV. 8 pp. + 9 maps and
tzbles.

Schwzbenlznd, P.A. 1963. Waterfowl hebitzt survey, Canvasbeck Gun Club. Unpublished
pzper, on file at Stilwater Nadonal Wilclife Refuge, Fallon, NV. 15 pp.

Schwzbenlend, P.A. 1964. Waterfowl hebitat survey, Cznvasback Gua Club. Unpublished
peper, on file at Stllwater Nztionzl Wildlife Refuge, Fellon, NV. 19 pp.

Worden, L.H. 1965. Waierfowl hzbitzt survey, Canvasback Gun Club. Unpublished
paper, on file at Stillwater Nztional Wildlite Refugs, Fellen, NV. 19 pp.

Osugi, C.T. 1973a. Waterfowl habitzt survey, Canvesback Gun Club, 1972. Unpublished

Essentzlly the szme type of survey as in the 1960s. Methodology changed. Also
mezsured water depth znd salinity.

Gerdes, G.L. 1986. Canvasback Gun Club, submerged aquatic plant survey—1986. U.S.
Tish znd Wildlife Service, unpublished report on fil2 zt Stillwater National Wildlife Refuge,
Fallon, NV. & pp. '
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Stillwater WMA Wildlife Manzsement Studies: 1972-1977

Series is six valley-wide monitoring studies conducted by the refuge. Objectives of
these studies are to inventory the wetland hzbitats and wildlife use, record public use,
monitor physical (hzbitat types, acreages, water levels, TDS concentrations) changes
at SWMA, determine if habitats can absorb displaced wﬂdhie and public use,
document losses, and uldmztely use the data to request direct allocztion of water for
SWMA. Data zre given by 11 wedznd vnits (Fernley WMA, Massie and Mahala
Sloughs, Soda Lake, Old River, Sheckler, Fallon Farmland, Carson Lake, Harmon,
S-Line, Canvasback Gun Club, and Stillwater Refuge). Glves precipitztion and
temperzture records, describes water level fluctuations and measured salinity by unit.
Sampled aquatic plant production (submergents end emergents) and provides fairly
qualitztive zbundances. Does not indicate when sampling was done, and
methodologies varied betwesn yezrs. Gives waterfowl population and production by
area zad discusses other marsh birds, reptors, mammals, and fisheries. Gives
recreztionzl use znd economic benefits (grazing znd muskret production). Tebles give
dzta by unit. States thet stznstczl analyses were impossible because appropnate
number of szmples could not be tzken.

Osugi, C.T. 1973. Stilwater Wildlife Mznagement Area: Report of wildlife management
study; monitoring progrem of wildlife hzbiizt and associzied use in the Truckes-Carson
Irrgztion District, Nevada. Progiess Report No. 1 (1972). U.S. Department of Intenor,
Fish and Wilélife Servics, Fzllen, NV. 45 pp. + 6 mzps.

1972 data were considered to be ihe baseline because this was last year that TCID
was allotted their full 406,000 zc-1.

Osugi, C.T. 1974. Stllwater Wildlife Mznagement Area: Report of wilélife management
study; monitoring program of wildlife hzbitzt and assecizied use in the Truckee-Carson
Trrigation Dismict, Nevada. Progress Report No. 2 (1873). U.S. Department of Intenior,
Fish znd Wilglite Service, Fzllon, NV. 49 pp. + 6 meps.

Osugi, C.T. znd M.T. Barver 1976. Stilwater Wildlife Management Area: Report of
wildlife menagemert stdy; moniionng program of wildlife hzbitat 2nd associzied use in the
Truckes-Carson Irmigziion District, Neveda. Progress Report No. 3 (1974). U.S.
Department of Interior, Fish and Wildlife Service, Fzllon, NV. 49 DD.

Barber, M.J. 1976. Stiilweter Wildlife Management Area: Report of wildlife manzgement
study; monitoring progrem of wildlife habitzt and zssocizted use in the Truckee-Carson
Irrigation District, Nevada. Progress Report No. 4 (1975). U.S. Depzriment of Interior,
Fish and Wildlife Service, Fallon, NV. 24 pp.

Barber, M.J. 1977. Stilwater Wildlife Management Area: Report of wildlife management
study; moniioring progrem of wildlife hzbitat and associzted use in the Truckee-Carson
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Irrigation District, Nevada. Progress Report No. 5 (1976). U.S. Department of Interior,
Fish and Wildlife Service, Fallon, NV. 31pp.

Barber, M.J. 1978. Stillwater Wildlife Management Area: Report of wildlife management
study; monitoring program of wildlife hebitat and associated use in the Truckee-Carson
Trrigation District, Nevada. Progress Report No. 6 (1977). U.S. Department of Intenor,
Fish znd Wildlife Service, Fzllon, NV. 31 pp. '

6th and last report in series. Gives update on recent legal controversies. Provides
tzbles znd histograms with direct comparisons of data to 1972 baseline year. .
Decreased water deliveries and drought resulted in one of poorest years for wildhfe
=nd wetlands. Provides a summary tzble for 2ll 6 years of study. Based on an
average water supply (388,000 ac-ft) future Josses (zt Stillwater, Fernley, and Carson
T zke) are projected, and it is concluded that they would not be zbsorbed (by smaller
wetland zreas), but would be ultimately lost. States that studies are discontinued untl
a final court ruling on water Tights and distribution is reached.
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Carson Lzke Studies

Sazke, N. 1970. Map of Carson Lake. Unpublished map, on file with Nevada Department
of Wildlife, Fallon, NV.

Base is a 1970 zerizl photo of Carson Lzke on which emergent vegetation was
mepped for 12 July 1970. Shows areas of alkali bulrush, hardstem bulrush, and
cartail.

Alcorn, R. 1971. Wildlife usage of the Carson Lake area—Churchill County, Nevada.
Unpublished paper, on file et Stillwater National Wilclife Refuge, U.S. Fish and Wildlife
Service, Fzllon, NV. 9 pp.

Stztes that Carson Lzke is both economicelly end ecologically imporiznt. Hunting
znd grazing provide economic benefits, while its value to game and non-game birds
provide ecologiczal benefits, that zre critcal for some species of non-game migrants.
Tncluded is a parzl checklist of birds of marsh areas with notes on zbundzances.

Turner, R.J. 1980. The siztus and nongzme values of Carson Lake, Nevada. Czl-Neva
Wildlife Treasactions: 6-10.

Mazde a literzhire review of recent (1972-1978) bird hebitzt et Carson Lzke, during
which time boih the lzke znd bird habiizt decressed in aciezge. e conducied

. surveys in 1979 to observe nongzme use by marsh and shorebirds. Nongzme use and
production, with zn emphasis on white-faced ibis, proportionzlly declined with
decreases in wetland hzbitzt. Grezing impacts included reducing food and cover, and
destroying nesting smuctures. Did not follow through will 2ll intendons of the study.

Gerdes, G.L. 1986. Carson Lzke, submerged aquztc plant survey, Fellon, Nevada. U.S.
Fish and Wildlife Service, unpublished report on file zt Stillwater Nationzl Wildlife Refuge,
Fallon, NV. 13 pp.

This monitoring report was gone &s part of the vzlley-wide project. Ponds and

ditches at Carson Lzke were surveyed for plant species compositon, relziive
zbundzance, water depth, visibility, and salinity.
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Other Studies and Reviews:

Macklin, R., E.D. Stetson, and H.R. Leach. 1960. Wildlife and fishery use made of
drainage WatﬁIS in Nevzda. Unpubh<hed paper, on file at Stllwater Nationzal Wildlife
Refuge, Fallon, NV. 5 pp. + 2 tables.

Purpose of 3-day trip was to document wiléhife and fishery use of drainage water in
the Carson Sink. Most imporiant waterfowl iced production is in newly developed
arezs because cattzil, tule, znd carp zre controlled by wzter management. Mentions
types of wateriowl, other gzeme, 2nd game fish vsing zrea. Includes a tzble of water
quality sampling dzia with electnc_l conductivity, TDS, and temperatures, and
comments include fish species presence. Veluzble only for gzme fish manzgement.

Watson, R.C. 1964, Stilwzter Wildlife Management Area, Fallon, Nevada: program task
force report. Unpublished report, on file zt Stillwater Naticnal Wllome Refuge, Fallon, NV.

25 pp.

Purpose of report was 1o present dzia to support the vaives of SWMA znd mzke an
arcument for considering it in furure planning cf the Washoe project. Much
discussion of FWS contribution iowerds development of zrea for wildhie and
recreztional uses. Revised Sutheriznd’s (1957) evepomenspireton fgures slighdy
vpwards znd revised the annuzl weier requiremenis 10 133,693 ac-it including the
Cznvasback Club. Documents benencizl waier use at Stillweier for 7 waier Years.
Vzlue of welzngs zrgued in terms Of iMpOrEnce 0 Pacific Fiyway 25 a Siop-over,
hich waterfowl production, znd high hunter use. Menuons that sait cedar has inveded
in recent yezrs, and now is receiving extensive conirol manzgement, but until contol
is done on waiershed basis, Lahontan reservoir will contnue 10 be an znnuzl seed
source. Conclucdes thet the Washee project will lezve no wzier for Stillwaier, znd
recreztional nesds of Tzhoe-Reno-Sparks zrea have not besn piznned 1or.
Recommends that the Washoe project plans to provide water to Suilwater, ithat Carson
Izke be zcquired znd managed by the Burezu of Sport Fishenes and Wﬂoble and
thzt the Canvasbzck Club be zcouired so rerrn :lows are more eificiendy used.

U.S. Fish and Wildlife Service. 1968. Stillwater Wiiclife Mzanzgement Area, Anzho Islend
NWR, Fzilon NWR: reinge 33 arrenve 1eport, calendzar yeer. 1868, Unpublished report, on
file zt Stillwzter Nztonel Wildlife Refuge, FcﬂO'}, NV.

Report qu.amam’ely compares waieriowl food znd cover in varous areas at SWMA
with previous yezr’s betier producaon.

Betterment Studies Work Group. 1970. Study of Lzhionizn Valley wilclife zreas; Phase I,
reconnaissance. Pyremid Lake Task Force, unpublished report, on file zt Stillwater Nanonal
Wildlife Refuge, Fzllon, NV. 8 pp.
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Purpose of reconnaissance was to determine waterfowl use in the Lzhontan Valley
(Carson Sink, Carson Lzke, Stillwzter Marsh areas). They used planimetry to
determine acrezges avzilable for waterfowl use. Consumptive use of water was

estimated with the Blaney-Criddle method. They zlso evaluated water use for grazing
management.

Betterment Studies Work Group. .1971. f‘udy of Lzhontzn Valley wildlife areas; Phase IT,
evaluztion of the effect of loss of water for use by waterfowl and other wildlife in the

Lahontan Valley. Pyramid Lzke Task Force, unpublished report, on file at Stllwater
National Wildlife Refuge, Fzllon, NV. 26 pp. + appendix.

Purpose of phase IT was to evzaluzte the effect of reduced water supplies on waterfowl
znd to recommend ways of offseming these effects. For various wzter supply
scenarios, they determine acrezges of wetland hebitats, which units would be tzken
out of use, reductions of waterfowl production, znd reductions of wzieriowl use days,
but do not explain how figures were derived. They recommend that prime water be
aveilzble at reduced flows, that FWS consider purchasing water righis (possibly the

Cznvasbzack Club), znd that upswezm storzge fzcilities be constucted to help midgate
Impacts.

"Evens, C. 1983. Sailwzizr Wildlife Mznzgement Area, Pailm Nevzdz: Waterfowl nesting
at Sullwatﬁr marsh in relation to predzton znd habitat fzctors aifectung nest site selecdon.

Unpublished paper, on e zt Stillwater Netoneal Wildlife Refuge, U.S. Fish and Wildlife
Service, Fallon, NV. 44 op. -~ zDpendix.

Purpose of study wes 10 evaluzie nest success of waterfowl in relation to predaton
and nest site selection. Nest success was high for reghezads, peor ior cinnamon tezl,
gadwell, and other species (pintzil, meallard, northern shoveler, and ruddy duck).
Predation by ravens was zlmost exclusive czuse of nest Josses. Dezbbling duck nests
\ were concentrzied in small arezs of hzbitzt and were vulnerzble to high predaton.

' Spring flooding in 1983 reduced avzilability of nesing habitat. Concludes that

b nesting habitat improvement may best increase long term waterfowl production.

: U.S. Fish and Wdch'u Service. 1986. The effects of federal programs on weudzands in

 Nevada. Unpublished rezort, U.S. Fish and Wildlife Service, Grezt Basin Complex, Reno,
i NV. 46 pp. |

Evaluztes the efiecis of federsl programs (excessive livestock grezing, easements for
diversion structvures, and herdicide epplication on privaie Jands) on various wetlands,
mncluding mperien and wet meadow wetlzands and pelusmine emergent znd lzcusimine
wetands. Stzies that Nevada's pziusirine emergent and Jacusirine weilands zre
different than those in more mesic environments because they are situated at the

. termini of ciosed basins where flow-through is infrequent, and szlts and heavy metals
: ' accumnulate. Beczuse ithe region was setled early by homestezders, there is little
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information on the wetdznds prior {o activities that disturbed them. Estimates the
historical and present extent of wetlands using the 5 ac-it evaporation figure from a
Humboldt River study (FWS 1981). Discusses dynamic nature of weiands, stating
thet acreages fluctuzte annually znd monthly depending upon water avzailebility and
weather. Discusses the impzcts of Newlands project on Lahontan Valley wetlands
and future vulnerability in the coniext of Truckes River and Pyramid Lake needs and
mzkes recommendations accordingly.

Thompson, S. and B. Hallock. 1988. Drzft wetland anelysis for FEIS: Newlands project
operating criteria and procedures, drait record of decision. UnpubBished memorandum of
U.S. Department of Interior, Fish and Wildlife Service, on file at Stillwater Nztional
Wildlife Refuge, Fallon, NV. 148 pp.

SNWR biologists draft response t0 the Newlandés OCAP drait record of decision.
Used regression analysis to determine wetlands losses. Discussed water quelity znd
quantity impacts to vegetzdon, fisheries, weaterjowl and shorebixds, and TES species.

Thompson, S.P. and X.L. Merritt. 1982, Western Nevaca wetlands: history and current
stztus. Nevzca Public Affairs Review, pp. 40-45, University of Nevada, Reno, NV.

Bazsic review of pre-serilement conditions, reclamzion, znd 4 areas (Winnemucca
NWR, Fallon NWR, Sdllwzter Wh{A, znd Carson Lzke). Cezlls for protection of the
remezining weudznas.

Tamp, R.E. 1989. Monitoring the efiects of militery air operznons at Naval Air Stztion
- Fzllon on the biota of Nevada. Nevada Depzriment of Wildlife, Reno, NV. TUnpublished
report, on file et Navel Air Stztion Fzallon, NV. 90 pp.

Study addresses the impacts of zir operations io wildlife and associzted habitzt in the
Lzhonten Valley znd oudying arezs. Resuits for game species indicaie that bighom
she=p, mule desr, znd szge grouse were minimelly impacied, no conclusions for
antelope, and chukar permidge were sensitve to low overilight. Migratory birds (bald
ezgles, snow geese, gresn-wing tezl, pintzil, widgeon, and long-billed dowitchers
were very sensitive 1o low overiight. Nestng birds (Swainson’s hawk, golden ezgle,
cinnemon tezl, mailard, gzdwell, Americzn zveceet, grezt blue heron, double—rested
cormorant, western grebe, and ezred grebe) hebitvated o aircrait zcuvity, but may
conmbute to producton stresses. Recommencs continued monitoring.

Rzaven, C. znd R.G. Elston. 1989. Prehistoric human geogrephy in the Carson Desert; Part
I: A predictive model of lznd-use in the Sdilwater Wilcdlife Manzgement Avea. Cuitural
Resource Series No. 3, U.S. Depertment of Interior, Fish end Wilclife Service, Porilznd,
OR. 183 pp.

The model uses facts on the distributions of weter and soils to predict biotic (plant
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and znimal) responses and human responses {o those resources. Gives an extensive

' summary of historic wzter conditions in Lahontan Valley and a good description of

” marsh dynamics and conditions relative to water conditions. Considerable discussion
of the soil mapping units and range sites/ecological sites, leading to habitzt types is
given. The 31d order soil survey is basis of work and may be at too great a sczle to
accurztely predict habitzt types (see for instance the distribution of GB wild rye
grass). Descriptions of zll habitat types are given, without much refinement of marsh
types.

Raven, C. 1990. Prehistoric human geography in the Carson Desert; Part II:
Archzeologiczl field tests of model predictions. Cuiturel Resource Series No. 4, U.S.
Depzartment of Inferior, Fish znd Wildlife Service, Pordand, OR. 143 pp.

The model of prehistoric Jand use in the Carson Desert is tested against a sample of
surface zrchaeological record. Model predictions are largely supported, however,
some aspects of the model were chzllenged and this led to revision of habitat types
and behaviorzal assumptions. Habitzt types of 533 sample units were changed, two
types were collapsed within other hzbitzt types, znd a playa habitat type was furiher
divided to render better predictions. Overzll, a decent model.

Department of Navy. 1920. Geothermel energy development, Naval Air Station Fallon.
Volume I, programmatic environmenizal impact statement. Geothermal Program Office,
unpublished report, on e zt Naval Air Station, Fallon, NV. 213 po.

Includes descriptions Of plant communities bzsed on zerizl photo interpretztion,
existing literature, and some iield work. Report discusses 2 federzlly endangered
reptors, 5 cziegory 2 bird candiczies for federzl Bstng, znd 4 category 3C plents.

Anglin, R. 1590. Draft, History of Lzhontan Valley Wedands. Unpublished paper, on fle
- at Stillwater Nauonzal Wildlife Refuge, U.S. Fish znd Wildlife Service, Fallon, NV. 8 pp.
+ addendum. ’

Pzper begins with a review of the Grezt Bzsin znd ancient Lzke ILzhontan. Discusses
the Carson River, its flows z2nd chzannel chznges, and its terminztion in the Czrson
Sink and Lahontan Vailey wedands. Nziurel dynamics of Grezst Basin wetlands are

: reviewed znd imporiance of drying cycles ate stessed. Habitat types in the wedzands

zre noted with z2n exzample of zn extreme "boom/bust cycle”. A salinity "model"” of

; the wetlands 1s presenied.

Kerley, L., G.A. Ekechukwu, and C.A. Janik. 1920. A history of water cuzlity and
wetland changes at the termini of the Carson znd ithe Truckee rivers, Nevada. U.S.

Department of Interior, Fish and Wildlife Service, Reno Field Station, Reno, NV. 27 pp.

Purpose of paper is to reconstruct hydrologiczl znd ecological conditons in the

23

L’

foms
)
-
[y
Co




Lahontan Valley prior to human intervention. Used historic flows in the Carson

o River and I. Russell’s 1882 estimated (maximum) size of Carson Lake to determine
- “ size of wedands in the velley. Range of wetland acreage estmated at 42,500-122,500
ac.

Yardas, D. 1991. Restoring endangered ecosystems: the Truckee-Carson water rights

settlement. Unpublished meanuscript, on file at Stllwater National Wildlife Refuge, Fallon,
NV. 16 pp.

Pzper provides an overview of the 1990 Truckee-Carson Serlement Act (PL 101-618)
and its restorztion mandzies. It focuses on zuthorities related to improved water
management, efficiency, and alloczion. Severzl key implementation concerns and
unresolved issues zre discussed. Restorztion of the Pyramid Lzake ecosystem and
maintenance of zn averzge of 25,000 zc of primary wedand hzbiizt in the Lzhontzn
Vzlley are consicered key components. Water manzgement issues discussed include
changes in reservoir operanion, zcquisitons for Lzhontan Velley wetends, zcquisitions
for Pyramid Lzke, conservation and enhznced waier-use efZiciency, water banking,
and effluent reuse. Acdditionzl resioration oppormuniiies are ciscussed: expansion of
Newlands project purposes, mparien habitat resiorziion on ihe lower Truckes, funding
for fisheries manzcement, restorztion of fzilowed land, drzinage control for improved

ater quelity, changes in eligibility criteria, COMDENSZGNE DVICHzses O Waier Tights,
znd development of midgaton agresments. Adverse effects of third-party interests
zddress considerztions under Stzie law, estzblished water rights, O & M
reimbursements, ground waler recharge, and socio-economic efiecis. Aceguate
funding will be secured by generzl zppropriztions, Sizie cOSt sherng, end privaie-
sector contmibutons. Unresolved issues include conflict berwesn Pyremid Izke Tribe’
znd TCID, recoupment, acreage base of zciive and inective rghts, Giversion critena,
water banking opportunides, 2cquisiton limits, znd socio-economic eifects.

Anglin, R. and G. Shellhorn. 1992. Grezt Basin Wedands. a concept paper. Unpublished
paper, on file et Stllwater Netonal Wildlife Refuge, U.S. Fich and Wildlife Service, Fallon,
NV. 5 pp. ‘

N

This is a rewritien version of Anglin (1690) with much of e seme informanon.

o Seammaemet .

Janik, C.A. and L.L. Kerley. 1992. Drzit, Esdmeted historicel wedand conditions.
Unpublished report, on file at Stllwater Natonal Wildlife Refuge, Fellon, NV. 21 pp.

clemace

: This is an updated version of Kerley, et al. 1990. Very similer, zithough some
numbers changed, and the renge of wedand acrezge fluctuzton decieased. The
historical size of wetands, water quality, vegetztion, and wildlife zre descnibed from
postulated information from existing records, reporis by early explorers, and
zrchaeologicel findings. The effecis of irrigadon drainaze on Stillwater Marsh and
Carson Lzke zre evaluzted from the reconsirucied historic scenzno.
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Historic, unregulated Carson River flows are estimated as 412,400 ac-ft. Historic
wetland acreages are estimated at 27,000 for Carson TLake and 55,500 for Stillwater
for a total of 82,500 a¢ of wedands—assumes 5 ac-ft needed to maintain 1 ac/yr

wetlands. This estimate probably fluctuated as much as 20,000 ac (24 %), but there is
no discussion where this figure was derived.

Goin, P., R. Dawson, and J.M. Winter (eds.). 1992. Dividing desert waters. Nevada
Public Affairs Review, Number 1. Publicztion of the Senator Alan Bible Center. for Applied
Resezrch, University of Nevada, Reno. 80 pp. '

This issue addresses the Truckes and Carson river systems problems with
photography and writien essays by 11 authors for a popular audience. Separzate
chapters on diverse topics include: The Truckes-Carson-Pyramid Lzke Setdement Act
end Pyramid Lake; Beaver Believers; The Newlands Project: Crime or National
Commitment; Pyramid Lake: The Tonic of Wilderness; Nevada’'s Unique Wildlife
Oasis; and, Stillwater: Its Friends and Neighboss.
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Studies with Focus on Environmentzl Varizbles:

0 Clyde-Criddle-Woodward, Inc. 1971. Report on waier useé improvement study of Truckee-
. Cazrson River basin. Unpublished report to U.S. Bureau of Reclamation, on file at Stiilwater
Naztionzl Wildlife Refuge, Fzllon, NV. 11 pp. -+ 11 appendices.

Purpose of report is to evaluzte existing water vses on the Truckees and Carson rivers
and determine if additional water could be salveged, by whzat means, and at what cost.
The water users and TCID have strived for good and efiicient water manzgement but
opportunity for improvement exists, Improvements include 1) reducing operating
spills through avtomation of structures and centrelizing control of water; 2) reducing
.reservoir evaporation by reducing their size or eliminating some; 3) reducing sespage
by lining cznals, improving O znd M and eliminating zquatic wesgs; 4) changing
methods of delivery znd zpplication; and 5) chenges in Lzhontan Reservoir. These
improvements will negztively impact SWMA, but some impacts can be mingated.
Report provides good background description of surfzce water flow in the project,
physical serting, ground weter, and soils. Sources of informzaton not cited.
Appendices provide figures for monthly evaporzion rate fTom Lzhonien water surface
(totz] znnuzl evap. = 4.62 f1), end esumated consumpive use of wzier on lands in
the Fallon zrea (fotzl znnuzl evapo-wenspirztion by dense phreziophyies = 4.83 1,
znd by open water = 4 f1).

|

Glzncy, P.A. and T.L. Xzwzer. 1976. Weter Resources, Reconnaissance Series Report 59.
. U.S. Department of Interior, Geologiczl Survey, Carson City, NV. 126 oo.

Discusses water resources of the Carson River Bzsin with parnculzr reference {o
ground water resources. Esomates ground wezier siorege in Lzhontzn Valley at 80\
zc-ft z2nd mzy be zble 10 vse ground wazier to supplement surizce waier flow. Furiher
studies nesded to determine weater quality, quantty, and loczaton of resource. A
Estmated average znnuzl evzporzion et zbout 4 fi/yr and up to 6 WyT.

Green, R.G., J.E. Gellegher, znd M.V/. Bianchi. 1976. Wezier distribution on the
Newlands Project, Nevada. Unpublished report, U.S. Depariment of Inierior, Burezu of
Reclamaton, Lzhontan Basin Projects Office, Carson City, NV. 17 pp. —+ zppendix.

) Report discusses Burezu operzton of project under new OCAP restictions. Includes
results of a simulation modelling effort to predict water supplies to the project under
future conditions. Their vzlve of 53.1 in (4.43 f1) for totz] consumpuve use came
from a 5-yr study in Idzho with similar condifions to Lahontzn Vailey.

‘ U.S. Fish znd Wildlife Service. 1985-1087. Raw data, unpublished, on file at Stillwater
Nationzl Wildlife Refuge, U.S. Fish and Wildlife Service, Fallon, NV. 12 pp.

Raw data for various stafions in Lzhontan Vziley that includes electriczl conductivity,
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water temperzture, and general comments on conditions.

Hoffman, R.J., R.J. Hallock, T.G. Rowe, M.S. Lico, H.L. Burge, and S.P. Thompson.
1990. Reconnaissance investigztion of wzier quality, bottom sediment, and biota associated
with irgation drzinzge in and near Stllwater Wildlife Management Area, Churchill County,
Nevada, 1986-87. U.S. Geological Survey, Water-Resources Investigations Report 89-4105,
Cartson City, NV. 150 pp. + 1 plate.

Purpose of study is to determine whether the quality of irmgztion dreinage near
SWMA. has czused harmful effects on human hezith, fish and wildlife, or may
adversely affect the suizbility of water for beneficial uses. They szmpled surfece and
cround water, boftom sediment, and biota (plants and znimal tissues) from the Carson

-Desert (upstream and downstream of Fzllon zgricuifurzl area). In zreas affected by
irrigztion drainage, metzls and recioactive substances excesded baseline levels in
weter (As, B, dissolved solids, Na, NO3), bottom sediments (As, Li, Hg, Mo, Se),
znd the biota (As, B, Cr, Cu, Hg, Se, Zn). In some wetdands, Se and Hg zppeared
biomagnified and As biozccumulzted. Pestcide contaminztion wes insignificant.
Adverse biological effects included graduzl vegetzive changes and species loss, fish
die-offs, waterfowl disezse epidemics, and persistent migrztory bird dezths.

Rowe, T.G., M.S. Lico, R.J. Hallock, A.S. Mzest, znd R.J. Hoifman. 1891. Physical,
chemiczl, znd biological data for detziled study of irzigztion Greinage in znd near Stllwater,
Fernley, and Humboldt Wildlife Mznagement Areas end Carson Lzke, westcentrel Nevada,
1987-89. U.S. Geological Survey, Open File Report 91-185, Carson Ciry, NV. 199 po.

Dazta on trace element CONCenTztons 1N surfzce water, ground water, dnft and
detritus, bottom sediment, pore water, znd biota (plants, invertebrates, fish, and
waterfowl). Also dzta on conceniretions of mzjor dissolved consttuents, nimogen,
phosphorus, organic carbon, radgiochemiczls, znd organochlorine pesacides are
reporied.

Lico, M.S. 1992. Detziled study of irrigztion drzinzge in znd near wildlife manzgement
arezs, west—centrel Nevada, 1987-20. Part A: Wezier quelity, sediment composition, znd
hydrogeochemical processes in Stiilwater and Fernley Wildlife Manzgement Areas. U.S.
Geologiczl Survey, Water-Resources Invesugations Report 92-4024A, Cerson City, NV. 65
PP-

This is a detziled study to determine the geochemiczl znd physical processes that
control water quality in the Lead Lzke area of the SWMA. Ground water quality is
poor and the ground wzter subswzndally contmbutes to Lead Izke. Sediments
zccurnulate trace elements from surface water by adsorpton onto grzins and clays.
Stllwater Point Drzin, Stllwater Slough, and TJ Drain contmbute most of the
dissolved solids. The TJ Drain zlso delivers the largest load of dissolved solids,
boron, and sodium to Lead Lake.
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